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SELECTIONS From ‘ZAJIAO SHUIDAO WENDA’ 


Nanchang ZAJIAO SHUIDAO WENDA [Questions and Answers Concerning 
Hybrid Rice] in Chinese May 78 pp 1-4, 6-9, 10, 11-12, 16-17, 
25, 31-32, 41, 46-49, 50-52, 53-58, 58-59, 61-62, 62-71, 72-75, 
80-91, 97-99, 101-106, 116-117, 119-122, 128, 131-134 


[Excerpts] 2. What Supremacy Does Hybrid Rice Possess? 


(1). Hybrid rice is superior in numerous ways, but the four principal 
superiorities common to all varieties are as follows: 


1. The superiority of a strong root system. It has more, longer, and 
thicker roots than ordinary varieties. Analysis of findings shows that 
hybrid varieties possess between 20 and 30 percent more roots than ordinary 
varieties, that they are 2 to 3 inches longer than on ordinary varieties, 
and that they are approximately 30 percent thicker than on ordinary varie- 
ties. If one were to lay 10 bare roots from ordinary rice varieties side 
by side, and lay another seven bare roots from hybrid rice varieties side 
by side, the width of the two would be just about the same. 


(2). It is superior in its vigorous tillering. Tillering strength of 

hybrid rice is especially strong. A single rice seed, planted under sparse 
planting conditions of 1 square chi [foot] or more, can produce 20 to 30 
tillers. When 20,000 plants were planted on a single mu of land, each one 
produced about 10 tillers. Generally speaking, the tillering power of hybrid 
rice is between 30 and 60 percent higher than that of ordinary varieties. 


(3). It has obvious superiority in its large spikes. This is an obvious 
feature of hybrid rice. Results of test plantings show the length of hybrid 
rice spikes to exceed 1 chi, with the number of rice grains per spike number- 
ing 400 to 500. In densities of about 20,000 plants per mu, average number 
of grains per spike was still approximately 150. Ordinary variety Guangqiu 
4309-2 is also a long-spike variety, but plantings at a density of 20,000 
plants per mu yielded an average of only about 100 grains per spike. It 
appears that each spike of hybrid rice contains between 50 and 100 percent 
more grains than a spike of ordinary variety rice. 
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(4). It is superior in its desirable trait of late ripening. Hybrid rice 
possesses a vigorous vitality. Under suitable growing conditions, the stalks 
and leaves remained jade green even after the rice husks had yellowed with 
late stae maturity, and the root system did not degenerate early. When 
harvesting was delayed for 4 or 5 days after maturity, the weight per thou- 
sand grains of rice increased between 1 and 2 grams for an increase in yield 
per mu of between 30 and 40 jin. 


The superiority of hybrid rice is, in the final analysis, higher yields. 
Under identical conditions of cultivation, hybrid rice shows increased 
yields of between 20 and 5U percent over ordinary varieties of rice. 


In resistance to diseases and pests, various hybrids show different capa- 
bilities, some high and some low, but in resistance to lodging and tolerance 
of fertilizer, they show strong capabilities that are essentially the same 
as that of short stem varieties. At present, hybrid rice breeds are the 
superior ones. 


3. Why Is Hybrid Rice Superior? 


This is a fairly complex question in terms of the theory of rice hybrid 
superiority for which there are various explanations. 


fhe views held abroad are anything but unanimous. Biologist Darwenceng 
[phonetic] explained it this way. The vitality of hybrids is caused by the 
differentiation to a certain extent of elements of both sexes. Bulusi [pho- 
netic], Jibur [phonetic], and Peilou [phonetic] believed that the superiority 
of hybrids was caused by the mutual reinforcement of dominant genes that were 
beneficial to growth. Xiaole [phonetic] believed that hybrids were aggregate 
bodies that produced heterosis as a result of the biological stimulation 
caused by hybridization. Haoer [phonetic] propounded a theory of super- 
dominance, which maintained that if heterosis of genetic heterozygosity ex- 
ceeds that of the genetic homozygosity, the greater will be the differences 
in the genes of the two inbred lines and their heterosis will be more ap- 
parent. Lysenko held that heterosis is a manifestation of the great vitality 
that hybrids possess and that this strong vitality is determined at the 

time of pollination by the degree of differences in the sex cells that are 
combined; the greater the degree of difference in the sex cells, the stronger 
the heterosis. Mozikaofu [phonetic] believed that hybrids possess a more 
perfect system of biological activity with the higher the type of metabolism, 
the greater the vitality. If the biological active material is not more per- 
fect or more coordinated than in the parent pair, then the manifestations of 
heterosis will either not be apparent or non-existent. Consequently, only 
when the biologically active materials of each parent pair are different 

and are mutually supplemented in a later hybrid generation can the hetero- 
sis become manifest. 


Breeders in our country have different views on this theoretical question, 
but most agree that the reasons for heterosis lies in two areas. It is 
created principally by the fairly great differences between the two 











genetically ditterent sex cells. Whether or not a hybrid will show hetero- 
sis or whether the heterosis will be great or small will be determined by 

the degree of genetic differences in the parent pairs. Where differences 

are great, heterosis will be great; where differences are small, heterosis 
will be slight. Theretorc, heterosis is slight in closely related varieties. 
Secondly is the mutually reinforcing role of the genetic material of the 

two parent pairs. When two parent pair possess a uniqueness in their eco- 
nomic properties, when these are mutually reinforced through the stimulus 

ot hybridization, heterosis is produced. In summary, hybrids usually possess 
heterosis no matter whether self-pollinated or pollinated by a different blos- 
som. But it is by no means possible to obtain heterosis through the random 
crossing of two varieties. Practice demonstrates that hybrid varieties pos- 
sess strong heterosis, weak heterosis, average heterosis and negative hetero- 


+. Why Is Lt That the Heterosis of Only the First Generation of Hybrid 
Rice Is Brought Into Play? 


Unly the first generation of heterosis of various crops can be used, because 
heterosis is manifested in only the first generation. Thereafter, heterosis 
declines sharply geometrically. Beginning with the second generation, seri- 
ous separation begins to take place in hybrids, which shows up in irregulari- 
ties in stalk heights, times of ripening, and fertility. Particularly in the 
case of the . 2cond generation of three lines that have been matched, the 
hybrid often exhibits sterility (with no heading of grain at all) or partial 
intertility (with partial heading) with serious adverse effects on yields. 
For these reasons heterosis in hybrid rice can only be used in the first gen- 
eration. 


9. How Is Male Sterility Produced in Paddy Rice? 


Of the "three lines," the male sterile line is the basic line. Then how is 
the male sterile line produced? It happens that in nature male sterile lines 
may be produced in rice as in other crops. There are many reasons for this, 
but briefly there are two fundamental reasons. Physiological imbalances and 
hereditary infertility factors combine to cause it. Normally, the male sex 
organs show less resistance than the female sex organs. When the staminate 
flower is subjected to climatic changes, the ravages of diseases, the stimu- 
lation of radiation, and damage from chemicals, it exhibits physiological 
dislocations that can result in loss of fertility to the staminate flower 
thereby resulting in male sterility. But such physiological disfunction of 
sterility cannot be transmitted to succeeding generations and, therefore, a 
"three strain'’ combination cannot occur. Only male sterility that can be 
both transmitted to a succeeding generation and that can bring about a "com- 
bination of the three lines" constitutes hereditary (male) sterility. From 
a theoretical standpoint, this hereditary sterility is an outgrowth of the 
interplay of the nucleus and the plasma. Hybridization is the principal 

way to attain this sterility to cause the sterile cell nucleus and the 


sterile cell plasma to combine to produce sterility. The sterile plants 














that often occur among hybrids as well as tiie inability to form a combina- 
tion of th ee lines are hybrids of this type. Aborted types of sterile rice 
derive from the hybridization of wild rice with cultivated rice, or the com- 
bination of a fertile nucleus of a cell with the infertile plasma of a cell. 
Yunnan type rice derives from the hybridization of indica and japonica rice 
with the displacement of the sterile cell nucleus. 


10. What Types of Sterile Rice Plants Are There? What Are Their Respective 
Distinctive Features? 


The types of male sterile rice have not yet been clearly classified. On the 
basis of sterile materials discovered both inside China and abroad, there 

are, broadly speaking, three types with distinct features, namely the pollen- 
less type, the aborted pollen type, and the degenerate pollen type. In the 
pollenless type, the anthers are thin and small, shriveled, unsplit, and whit- 
ish in color. The anthers either contain no pollen or an extremely small nun- 
ber of pollen grains that cannot be stained with a solution of potassium 
iodide nor by peroxide. Most such sterile types are discovered in mutants 
such as the natural mutant plant discovered among shengli indica rice at the 
Qianyang Agricultural School in Hunan that was later named "xianwu." When 
rice was irradiated with Cobalc 60, similar pollenless sterile plants were 
discovered. 


The Aborted Pollen Type: Inasmuch as the reasons for the aborted pollen are 
ditferent and the extent of abortion is different, this type is divided into 
three kinds. One is a kind in which the anthers are small, thin, unsplit and 
oiiy looking. The pollen grains are very fine, shriveled and irregular in 
shape with most being delta-shaped, and with little material inside. They 
cannot be stained with potassium iodide, and when treated with hydrogen per- 
oxide they become cerise in color. They are commonly termed typical aborted 
fertility and are called tynical aborts for short. The second kind has small 
thin anthers that are not split and are pale yellow in color. The pollen 
grains are round in shape, finer than normal pollen grains and contain a fair 
amount of material. They either will not stain or will stain only slightly 
when subjected to a solution of potassium iodide. They turn cerise in color 
when subjected to hydrogen perioxide. Commonly termed round-shape aborted 
fertility, they are called round aborts for short. The third kind are those 
in which the anther is about the same size as in normal plants, and in which 
the anther is not split and is light yellow in color. Numbers of pollen grains 
are also about the same as in normal plants with a lot of material being con- 
tained in the pollen. They can be stained with a solution of potassium iodide 
and react with color when subjected to hydrogen peroxide, but inbreeding is 
rarely possible. They are commonly termed high grade aborted fertility and 
are called high aborts for short (see diagram 1). 


high aborts typical aborts round aborts normal pollen 
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Degenerate anther types: In types with a great amount of degeneration of 
anthers, the anthers are about one-third the size of anthers in normal plants. 
Anthers are not split, and the grains of pollen are basically normal. Such 
sterile plants are easily affected by natural conditions causing anthers to 
split open and the appearance of numerous inbred combinations. 


li. What Qualifications Should the Male Sterile Line of Superior Rice 
Possess? 

The male sterile line of superior rice should possess the following qualifi- 
cations: 1) it should be stable both in specie characteristics and fertility 
and not readily susceptible to change from outside conditions; it should 
particularly not be susceptible to changes in air temperature; 2) it must be 
of good fertility with a degree of fertility (the percentage of sterile 
grains relative to the total number of grains in each spike) and a plant 
sterility rate (the percentage of sterile plants relative to the total number 
ot plants) both maintained at 100 percent; 3) it must have strong combining 
ability, i.e. it must have a rather good affinity for combination with a 
restorer line to produce a fruiting rate for hybrid seeds of upward of 86 
percent; 4) it must possess good economic properties such as short stems, 
large spikes, heavy grains, strong tillering, compact plant shape, thick and 
straight leaves, short and tough boot leaves, highly effective photosynthe- 
sis, and be a truly high yielding superior variety; 5) degree of neck choking 
should be slight or, better still, non-existent; 6) crossing rate should be 
high, i.e. the probability of cross pollination and fruiting should be high. 
The flowering structure should be suited to cross pollination with a well- 
developed stigma that opens outward (or double outward opening, best of all). 
Flowering should take place at a proper time; flowering should be concentrated 
at a particular time, and the angle of aperture of spikelets should be large. 
Spikelets should be open for a long time. 


13. What Qualifications Should the Sterile-free Line Possess? 


Whether the characteristics of the next generation of the sterile line will 
be good or bad will be determined by the sterile-free line. Therefore, the 
sterile-free line must maintain stable sterility with no tendencies to de- 
part from it. The characteristics of the sterile-free line itself must be 
uniform, with strong tillering strength, good performance in bumper yields, 
strong resistance, broad adaptability, and ripening at the proper season. 

Of special importance is a long neck on spikes, developed anthers, longitudi- 
nal cracking with dissemination of pollen, and numerous pollen grains. This 
will assist propagantion of the sterile line and increase yields in seed 
propagation. 


15. What Qualifications Should the Restorer Line of a Sterile-free Line of 
Rice Possess? 


A prerequisite for the production of strong, superior combinations is con- 
sideration of the numerous superior characteristics of the restorer line, 
such as strong tillering ability, good resistance, broad adaptability, large 














spikes, glumes plump with grain, compact plant shape, and small straight 
leaves. Addirionally, the plants of the restorer line should be slightly 
taller than those of the sterile line, anthers should be well developed, 

and amount of pollen should be great. The fruiting rate of the generation 
of hybrid bred with the sterile line should be high, heterosis strong, 

yield potential exceeding by 20 or 30 percent that of the superior varieties 
being expanded locally, or else with yields equal to superior varieties be- 
ing expanded locally but with a shorter growing period, which gives it equal 


value for expansion. 


20. What Is the Life of the Pistillate Flower Stigma and of the Staminate 
Flower Pollen Grains? 


The pistil is the principal reproductive organ for the reception of pollen 
in fertilization and fruiting. Its life expectancy has vast importance. 

The life of the pistil in common varieties and in male sterile lines are 
fundamentally the same. Usually it lives for about 6 days following flower- 
ing, and as times goes on its vitality gradually diminishes. Observations 
show that the pollination and fruiting rate durins, the first 3 days after 
flowering is about 80 percent. On the fourth day it drops to about 40 per- 
cent; and on the fifth and sixth days the fruitiny rate is only several per- 
cent. For this reason, in breeding sterile lives it is necessary to select 
varieties for breeding that have a stigma that opens outward. This makes 

a great deal of difference for increased propagation and yields from seed 
propagation. 


Fullest understanding of the life expectancy of pollen grains is also of 
major importance in increasing the survival rate of hybrids. Mature pollen 
grains generally have a life expectancy, under natural conditions, of only 

3 to 5 minutes from the time that the arthers begin to split. Thus, in the 
propagation of hybrid seeds of rice, it is essential that once the anthers 
split the pollen is quickly dispersed to the stigmas; otherwise fruiting 
will be difficult. 


21. How Should Parent Plants for Crossing in the Male Sterile Line Be 
Selected? 


The first problem with hybrid breeding is the selection of the sterile line 
hybrid parent pairs. The basic principles to be followed are these: 


(1) Selection must be made from among parent pairs with fairly large dif- 
ferences in their ecologies, distant hereditary relationships, and of dif- 
ferent geographical distribution for crossbreeding. Only in this way can 
sterile plants be derived easily. 


(2) In the selection of sterile iines, it is necessary to use a male 
parent that has been backcrossed for several generations in order to obtain 
a sterile line that is hereditarily stable. Whether or not the male parent 
(the sterile-free line) possesses good or bad economic properties will 








directly determine whether the sterile line is capable of producing bumper 
yields. Therefore, in the sei:cctiow of parent pairs, it is necessary to 
take particular note of bumper yield indicators in each male parent, things 
such as size of spikes, numbey of grains, tillering strength, and resistance 
strength, as well as required characteristics tor advantageous propagation 
such as a good opening of the stigma, numerous grains of pollen, proper time 
of blooming and compactness of stalks. 


(3) In the matching of hybrid pairs, varieties (plan’ lines) that have 
strong resistanc? and broad adaptability must be chos.n as the female parent. 


(4) In order that the sterile line becomes stabilized and sterile-free in 

the shortest possible time, special attention must also be given to knowing 

the distance of relationships when matching distantly related parent pairs 

to form hybrids. Generally speaking, crossbreeding within individual sub- 
species or species most easily produces sterile plants and is most easily 
stabilized, most easily maintained and most easily propagates sterile lines. 

it these limits are exceeded, though it will be easier to derive sterile plants, 
generally they will not be stable, they will be difficult to maintain, and 
propagation of sterile lines will be difficult. 


s4, What Are Some Ways To Obtain Male Sterile Materials? 
There are three ways: 


a. To look for such male sterile materials in nature. Though rice is a 
self-pollinating crop, there is between 1 and 2 percent cross-pollination. 
Cross-pollination is the principal cause of the production of sterile plants, 
and there are additional factors that may produce naturally sterile plants. 


b. Distant hybridization may yield male sterile iaterials. Hybridization 
of wild rice and cultivated rice, hybridization of indica rice and japonica 
rice, and hybridization of varieties from distantly separated latitudes may 
yield sterile materials. 


c. Changes induced by man may also yield sterile materials, as for example, 
use of radiation, lasers, or treatment with chemicals. 


44. How Can Wild Rices and Cultivated Rices Be Crossed To Breed Sterile 
Lines and Sterile-free Lines? 


The h,bridization of wild rice and cultivated rice is one effective way of 
breeding sterile lines and sterile-free lines. It required only that the 
wild rice be used as the female parent with removal of the stamen and then 
crossing with the cultivated rice. The first generation is inbred, and 

then sterility will appear in the second generation hybrid. By further con- 
tinuous backcrossing with other cultivated rice, stable sterile and sterile- 
free Lines will be obtained in the fifth or sixth generation of backcrosses. 
See the following diagram. 
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Diagram showing crossing of wild and cultivated rice to produce 
sterile lines and sterile-free lines 


56. What Are the Best Seasons for Propagating Sterile Lines? 


Most sterile lines in our province are of the indica type and are strongly 
warmth-sensitive. In plains and hilly regions, spring planting with summer 
propagation is best. Temperatures go from low to high during this period, 
and this is beneficial to the growth of seedlings and to flowering and pol- 
lination to produce rather high yield. Then too, planting of the late rice 
crop will not be hampered. If, however, the yieid of seeds from spring sow- 
ing and summer propagation is insufficient, fall propagation may supplement. 
There is some room for mineuver. Mountain regions serve best for the propa- 
gation of mid-season rice with summer sowing and autumn propagation. The 
early part of Chis season has warm temperatures with a short vegetative 
growth season, and the flowering and pollination time may well be adversely 
affected Sy cold dews with fairly low yields resulting. But places with 
experiecace with autumn propagation can solve this problem with yields, and 
they rely on autumn propagation primarily. Therefore, spring propagation 

of sterile lines should best be set vp so tha’ spike formation and flowering 
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Yr spring propagation of Wei 20A, Nanzao A, and Zhenshan 97A, seeds 
best sown around 10 April For 29 Nan No LA, they should be sown around 
April For mid-season propagation, the sowing of seeds around the end of 
yril or early May is most suitable. Fo. wutumn propagation, seeds should 
sown around the early part of iiy. See Table 1 for the relationship be- 
times seec sowing and times of ripening. 
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59, What Are the Main Characteristic Peculiarities of the Zhenshan [3791 
3073] 97 Sterile Line and the Zhenshan 97 Sterile-Free Line? 


The Zhenshan 97 sterile line and the Zhenshan 97 stertle=free line are 
hybrids of Wild Abort and Zhenshan No 97 from the Pingxlang Municipal Insti- 
tute of Agricultural Sctence that have been grown from numerous and repeatea 
backcrossings. They are early indica mid-season maturing types. About 80 
days are required between the sowing of seeds in spring until the beginning 
of spiking, with the number of leaves on the main stem numbering 13 or 14, 
With autumn sowing, about 60 days are required for the onset of spiking and 
the leaves on the main stem total 12 or 13. Stalk height is about 80 centi- 
meters. Leaves are short and rigid; tillering is moderate; and apicals are 
purple. Flowering habits are good, the stigma is well exposed, and capacity 
to receive pollen from s,utside is rather good. The weight per thousand prains 
is approximately 25 grams; spiking is uniform, the spiking rate is high, 
sterility is fairly stable, restoration is good, and crossing streneth is 
strong. Structure of hybrid rice stalk type is good; spikes are large with 
numerous grains; grains are heavy; fruiting rate is high; resistance is fair- 
ly good, most notably resistance to rice blast. But choking at the neck 
still exists with the number of effective spikes being rather small. 


60. What Are the Main Characteristic Peculiarities of the Erjiuai No 4 
Sterile Line and the Erjiuai No 4 Sterile-Free Line? 


The Erjiuai No 4 Sterile Line and the Erjiuai No 4 Sterile-Free Line are 
hybrids of a Wild Abort and Guangdung 29 Ai No 4 from the Pingxiang Municipal 
Institute of Agricultural Science that have been grown from repeated back- 
crossings. They are early indica types with a growth period totalling 120 
days. Stem heights are about 80 centimeters, plant shape is bushy, tillering 
is moderate, and leaves on the main stem total 13. Tillering strength of 
single plants is moderate; each spike produces more than 100 grains, and 
1,000 grains weigh approximately 24 grams. Apicals are colorless; stigmas 
open outward; flowering habits are good; crossing rate is high; and sterility 
is stable. Crossing with Taiyin No 1 exhibited good resistance, high fruit- 
ing, good color fading, and strong regenerative powers. But grains of hybrids 
are small and tillering strength is rather weak. 





61. What Are the Main Characteristic Peculiarities of tue Erijunan [0059 
0046 0589] No 1 Sterile Line and the Erijunan No 1 Sterile-Free Line? 


Erjiunan No 1 sterile line and Erjiunan No 1 Sterile-Free line were produced 
by the Qianyang School of Agriculture in Hunan through the use of (Wild Abort 
x 6044) x Erjiunan No 1 with numerous backcrosses. It is an early-maturing 
early indica type with plants about 75 centimeters tall, a rather spreading 
shape, broad leaves, dark green leaves, moderate tillering, grain weight of 

27 grams per 1000 geains, choked necks on stalks, purple apicals, stigmas 

that open outward, good flowering habits, stable sterility, and low resistance 
with suspectibility to white leaf wilt and yellow dwarf disease. Total 
growth period is 115 days with only 100 days for autumn sowings. 
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62, What Are the Main Characteristic Peculiarities of the Wei (1218) 20 
Sterile Line and the Wei 20 Stertle-Free Line? 


The Wel 20 aterile line and the Wei 20 sterile=free line are hybrids formed 
trom Weil 2O and /7l=72A by the Original Specie Farm at Hejiashan in Hunan, 

it is an early maturing early indica type. The time from spring sowing to 
the onset of spikes is approximately 80 days. From tall soving to the on- 
set of apikes is approximately 70 days. Plants are about 70 centimeters 
high with a tetal of 13 leaves on the main stem. Plants are compact in 
shape; tillering strength is weak; leaves are short and straight; necks are 
choked; husks are long, and stigmas and apicals are purple. Per 1000 weight 
of grains is about 29 grams; flowering habits are good; stigmas are developed 
and partially opened outward; hybrid fruiting cate is high; and crossing 
strength is s.rong. Hybrid combination that has been put together exhibit 
large spikes, numerous grains, heavy grains, a high fruiting rate, a short 
growing period and good resistance. 


63. What Are the Main Characteristic Peculiarities of the Wei 41 Sterile 
Line and the Wei 41 Sterile=Free Line? 


The Wel 41 sterile line and the Wei 41 sterile free line are combinations 
from Fujian Province that used (Yebai x Guangai 3784) first generation hybrid 
sterile Line material for crossing with Wei 41 (selected from the Zhenshan 98 
line) that had been repeatedly backcrossed ‘or many generations. They are an 
early indica, early maturing type with a large angle of opening of the glume, 
which Lasts for a long time, and with numerous bilateral stigma opening out- 
ward. They exhibit superior qualities in seed propagation and in rate of 
crossbreeding. For early season plantings, between 70 and 80 days are re- 
quired from sowing until spike formation. For late season plantings, between 
58 and 65 days are required from the time of sowing until the onset of spik- 
ing. Male sterile lines spike 3 or 4 days later than sterile-free lines. 
Number of leaves on the main stem total 13 or 14; plants are compact in shape 
and about 70 centimeters tall; weight per thousand grains is 25 gr+ms; and 
resistance to sheath and culm blight is poor. Wei 41A hybrids exhibiced 
strong tillering strength , a high fruiting rate, large spikes with heavy 
grains, resistance to rice blast, but poor resistance to sheath and culm 
blight and to bacterial blight. 


64. What Are the Main Characteristic Peculiarities of the Nanzao [0589 2483] 
Sterile Line and the Nanzao Sterile-Free Line? 


Nanzao sterile line and Nanzao sterile-free Line were developed by the Hunan 
Provincial Institute of Agricultural Science by crossbreeding Erjiunan No 1 
male sterile line with Nanzao hybrid. It is a mid-season early indica type 
that requires about 70 days for the onset of spiking following sowing. Leaves 
on the main stem total 12; plant shape is compact, tillering is moderate; re- 
generative capacity is strong; apicals are colorless; weight per 1000 grains 
is about 25 grams: f'lowering habits are good; the sterile line is stable; and 
resistance is good. 











65, What Are the Maln Characteristle Pecullarities of the 71-72 Sterile 
Line and the 7l=+72 Sterile=-Free Line? 





The 7l-72 sterile line and the 71-72 sterile-free line produced at the 
Original Specia Farm in Hejiashan, Hunan Province by using repeated continu- 
ous backcrossing of (wild abort x 6044) x 71-72. It is an early maturing 
early indica type requiring about 65 days for spiking following sowing in 
the spring. For fall sowings, about 55 days are required for the onset of 
spikirg. Leaves on the main stem total 10; plant shape is between compact 
and bushy; tillering is moderate; apicals are slightly purple in color; and 
per 1,000 weight of grains is about 24 grams. Sterile-freeness is fairly 
stable, regenerating is good, and resistance is moderate. The crosspollina- 
tion truiting rate is poor, growth period of combinations of varieties bred 
together is short; it is early maturing, and its regenerative strength is 
fairly strong. 


68. Why Are Female and Male Parents Planted in Separate Propagation Fields? 
ixperience has shown that separate planting is superior in the following ways: 


|) To give irdividual rice sprouts a chance to grow and develop fully. It 
has advantages for giving full play to the growth heterosis of the female 
parent and in deriving high-yielding plant colonies. 


2) To save seeds. Current yields from seed propagation are not high and 
costs are very high. Planting of single parents can effect great savings 

in seeds and hasten the pace of expansion. Planting of single parents re- 
quires an average of 1 jin of male parent seeds per mu anc 1.5 jin of female 
parent seeds per mu. 


3) Ease in spotting mongrel plants; ease in removing mongrels and inferior 
plants. By getting rid of deviant plants, the purity and quality of seeds 
from propagation fields can be guaranteed. 


69. Why Must Special Attention Be Given to the Purity of the Sterile Line 
and the Sterile-free Line and What Measures Should be Adopted to Attain the 
Highest Purity? 


Sterile Lines and sterile-free lines originate with the pairing in backcross- 
ing of single plants and are improved through paired breeding. But sterile 
lines have a high rate of crosspollination, and since crosspollination fre- 
quently has some divergence, a mismixing of the sterile line is brought about. 
Since the sterile line is a parent of hybrid rice, this mismixing can create 
impurities in one generation of the hybrid with adverse consequences for the 
hybrid heterosis. Therefore, attention must be given constantly to the purity 
and the maintenance of the purity of the sterile line so as to provide sterile 
lines i the original pure breed stock of high purity. Measures to be taken 
are as follows: 
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1) In the propagation of pure breeds, it is necessary to select pure 
breeds of individual plants for pairing and backcrossing to bring about 
propagation; 


2) Whenever unwanted plants appear in propagation fields, they must be 
thoroughly removed. Beginning from the seedling fields and right up until 
harvest, attention must be given to plant shape, heights, growth period, 
color of leaf sheaths, shape of spikes, and shape of grains, getting rid 
of mongrel plants and inferior plants at all times. 


3) Strictly establish a zone of separation to prevent the spread of pollen. 
Experience shows that the effective dist nce for the spread of rice pollen 

is no more than 100 meters (downwind); therefore, the zone of separation must 
be a guaranteed 100 meters and more. Inclines, villages, rivers, or embank- 
ments may be used as natural screens for separation. Also possible is the 
method of alteration of flowering times for separation, usually a staggering 
of about 20 days in the flowering time of the female parent is done for time 
separation. Alternatively, a male parent band 100 meters in width may be 
planted all around the propagation field for separation purposes. This is 

a key measure in guaranteeing the purity of the seeds. 


4) Hand-harvesting, hand-threshing, hand-sunning, and hand-storage with strict 
protection against mechanized mismixing to guarantee seed purity at 99 per- 
cent or better. 


70. How Are Pure Breed Sterile Lines and Sterile-free Lines Produced? 


Production of pure breed sterile lines and sterile-free lines may be divided 
into three steps: 


The first step is the pairing of individual plants for backcrossing. Apprais- 
al of individual sterile-line plants is done with the eyes to select those 
with performance characteristics for bumper yields, those with stamens that 
open outward, that have concentrations of blooms, that have a large angle of 
glume opening, have a long period of open glumes, have compact plant shapes, 
strong tillering, and strong resistance to disease. The same methods are 
used in the selection of between 15 and 20 pairs of sterile-free line indi- 
vidual plants with large stamens and large amounts of pollen for separate 
numbering. Examination of the sterile line with an observation mirror is aiso 
done, with fertile and round abort pollen being discarded. At the same time 

a little bag is put around and as yet unopened bloom on a spike of the sterile 
line so as to be able to inspect whether there has been fruiting through in- 
breeding. The seeds of paired hybrids must be harvested one pair at a time, 
dried in the sun, and stored with no mixing together. 





The second step is to make a plant plot. The seeds harvested during the 
previous season are planted a pair at a time; the seedlings are later trans- 
pianted. Each pair is poked into its own little area with the sterile line 
and the sterile-free line each occupying a separate row (1:1). From the 
time the seeds are planted, the special characteristics and properties of 
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each combination are recorded in detail. At the time of spiking, each 
plant is examined with an observation mirror. Impure hybrids and deviant 
plants are removed and only superior properly matched individual plants are 
selected; these are allowed to backcross naturally under conditions of 
strict segregation. Bagging of several spikes of the backcrossed sterile 
plants should be done to check on the rate of sterility and the degree of 
sterility after which selections may be made. When the rate of sterility 
and the degree of sterility nave reached 100 percent, and the fertility 
has stabilized, plants with characteristics for bumper yields are selected. 
Only two or three plant pairs need be selected. Seeds from those selected 
are to be individually harvested, individually threshed, individually dried 
in the sun, and individually stored. 


The third step is the setting up of a pure breed plot. The selected superior 
plant lines are planted in the pure breed plot according to the original 
matching of parent pairs, and rapidly propagated. The product will be pure 
breeds of seeds. Later, these purebreeds can be supplied to various places 
for sowing and seed propagation. 


/3. What Technical Essentials Should be Grasped in the Production of 
Hybrid Rice Seed? 


Propagation of hybrid rice seeds requires a fairly high technology. Experi- 
ence over the past several years shows extreme differences in seed propagation 
yields. the largest seed propagation yields have been more than 300 jin per 
mu and the lowest have been only several jin or between 10 and 20 jin, for 
lifferences of several times to almost 20 times. Therefore, success in seed 
propagation with high yields requires extremely conscientious mastery of 
tecnnical essentials. The lessons of experience show need principally for 
masters of the following six key points: 


a. Fix the season when seeds are to be propagated so as to proceed from 
stable yields to high yields. Considering climatic conditions in our province, 
mountain areas favor seed propagation for mid-season rice and plains areas 
favor propagation of seeds for very early maturing early rice for use as a 
late crop. On the basis of current experience, yields from the propagation 
of seeds for mid-season rice generally exceed those for late season rice, 

and seed propagation yields of late-season rice exceed those of early-season 
rice. Why do we say this? Whether high or low yields in seed propagation 
depends climatically on temperatures at the time of spiking and flowering, on 
wind force, and on wind direction. Usually temperatures are high during 
August and September and winds are fairly strong. This favors crosspollina- 
tion. In preparing seed propagation for early rice, the male parent must 
tlower in the middle of July, but temperatures in July are excessively high 
and winds are weak, so fruiting rate tends to be low and yields cannot keep 
up. Moreover, their growth impinges upon the planting and transplanting 
season for late rice. Two things must be fully grasped about propagation 

of seeds for late rice. First, only early maturing rice should be planted 

in the seed propagation fields first. Only exceptionally early varieties 














should be used so as to guarantee ripening before 5 July. Secondly, in the 
seed propagation of the male parent, planting must be definitely completed 

no later than 10 July. In preparing for propagation of mid-season rice seeds, 
the male parent seeds must be sown in either late April or early May. Trans- 
planting should take place in the latter part of May or the early part of 

June when seedlings are about 30 days old. 


b) Precisely determine overlapping periods for flowering to assure that 
tlowering of both parents takes place at the same time. The combinations 

of male and female parents currently used for the propagation of seeds show 
very great viriations in their growth periods. If they are planted at the 
same time, the male parent will bloom more than a month after the female 
parent, so thei: blooming periods will not overlap. Therefore, it is essen- 
tial to stagger the planting periods, first sowing the male parent and later 
the female parent to assure an overlapping of the blooming periods. This is 
an important link in increased yields in seed propagation. Take Shanyou No 
2 and Shanyou No 3 for example. The first batch of seeds must be sown in 
early June with the second batch being sown 6 or 7 days later. The female 
parent, Zhenshan 97A is sown between 25 and 30 days after the first batch of 
male parent seeds have been sown. In this way an overlapping in flowering 
periods can be virtually assured. 


c) Sow thinly and sow evenly to produce strong seedlings. In the propaga- 
tion of hybrid seeds, single stems of both the female and male parents are 
transplanted with reliance on tillering for spike production. Therefore, 
the growing of short, strong seedlings with many tillers from the main stem 
is the best guarantee for overlapping of the blossoming periods and an im- 
portant measure in achieving high yields. Seedling fields must be prepared 
with adequate applications of fertilizer and be neatly smoothed. Between 
15 and 20 jin of seeds may be planted in the seedling field for the male 
parent with between 25 and 30 jin being sown in the seedling field for the 
female parent. Between time of seedling and time of leafing, the seedling 
beds must be kept watered and exposed to sunlight with afternoon irrigation 
by “running water." The surface need only be kept moist. Once leaves have 
formed on the rice seedlings, irrigation with shallow water should te main- 
tained with applications of fertilizer to strengthen the shoots, stimuiate 
growth, and give protection against diseases and pests so as to improve the 
quality of the seedlings. 


d) Maintain a reasonable plant density with proper spacing of plants one 
from another and with proper orientation to the wind. Density and spacing of 
both male and female transplants in the propagation of seeds must be done 
sensibiy. Density and spacing will be determined on the basis of plant 
height, strength of fertilizer, the strength of the wind at the tine of 
flowering, tillering strength of the male parent and amount of pollen of the 
male parent. If fertilizer conditions are good, the amount of pollen great, 
and the winds strong, density and spacing of plants may be wider with about 
250,000 plants per mu and a separation of 1:4 or 1:5. Otherwise, a density 
of 270,000 plants per mu and a spacing of 2:6 or 2:7 is all right. Orien- 
tation of rows should be done on the basis of wind direction at a given 
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place during the time of propagation. Generaliy, the orientation of the 
rows should be perpendicular to the wind direction so as to benefit from 
the wind in poilution. 


Both broad and narrow rows should be used in transplanting. The distance 
between male and female parents should be between 7 and 8 cun, and the 
distance between rows of female parent and female parent plants should be 
4x4or4x 5. For male parents, distance between rows of male parent 
plants should be 4 or 5 cun. In this way, growth and development of the 
male and female parents will be benefitted and it will be easier to take 
care of the crop rows. 


e. Apply sufficient fertilizer and improve the tending of the fields. Each 
mu of land should receive about 80 dan of mulch, about 20 dan of human and 
pig exrement, and between 40 and 50 jin of phosphorous fertilizer applied 
before planting. Once the seedlings have been planted additional manuring 
should be done at once in order to promote early and rapid development to 
increase the number of shoots to 15 or more per male parent plant and to 8 
or more per female parent plant. Cultivation and weeding, and disease pre- 
veution and killing of pests should be undertaken in a timely fashion. 


t. Timely adjustments to flowering period to bring about an overlapping 
should be done. An estimate of flowering period must first be made, and if 
it is discovered that the two flowering periods will not overlap, various 
methods may be used to assure overlap of flowering periods such as selective 
application of fertilizer, draining or irrigating, removal of leaves, or 
spraying with "920." 


Additionally, removal of buds or man-assisted pollination may also greatly 
raise yields of propagated seeds. 


74, What Are the Principal Restorer Lines Now Being Used in Production? 


fhe principal restorer lines used in production are the intermediate types 
Guojidao 24, Guojidao 26, Guojidao 661, Guojidao 36, Gu 154, and Taiyin 

No 1 Guoyinnuo. Late rice types include short stalk Shuitiangu, Xueguzao, 
Xiantangbaigian, and Qianai 18. Early rice types include Kezhen 145, 6185, 
5053, 691 x Guangxuan No 3, and Jineiyadao. 


75. What Are the Main Characteristic Peculiarities of Guoji [0948 7139] 24? 


Cuoji 24 was introduced from the Philippines. It is an intermediate indica 
type with rather strong warmth-sensitive properties. It has rather strong 
restorer powers for the sterile line of Wild Abort and it can preduce rather 
strong heterosis. This variety likes warmth and has little tolerance for 
cold. As an early rice variety in our province, it requires a growth period 
of from 150 to 165 days. As a late rice crop, it requires about 135 days. 
Its stalks attain a height of about 90 centimeters with the highest becoming 
as tall as 1 meter or more. It is compact in shape with 17 or 18 leaves on 
each main stem. The leaves are straight and narrow. It tolerates fertilizer 
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and resists lodging. It is resistant to blast of rice, has rather strong 
tillering strength, good blooming habits, and large amounts of pollen. A 
single plant grows about eight spikes with each spike containing about 130 
grains, of which 1,000 weigh about 27 grams. The husks are long and thin 
and short awns. The rice is translucent and without chalkiness; it is low 
in starch, it has a good taste and when cooked becomes soft and delicious. 
[t produces high yields of 1,000 jin uc more per mu in late autumn. 


76. What Are the Main Characteristic Peculiarities of Guoji 661? 


Guoji 661 is an import from the Philippines that is of the intermediate indica 
type. It is a sister line to Guoji 24. Plants are about 85 centimeters tall, 
compact ir shape and with short narrow leaves. Tillering is moderate. A 
single p ant contains about eight effective spikes. Each spike contains about 
135 gra ns. Spikes are rather large with the husks being long and thin. A 
thousaid grains weigh about 27 grams. It forms spikes 2 or 3 days later 

than IR 24. In other respects it is similar to IR 24. 


-~ 


/, What Are the Main Characteristic Peculiarities of Guoji 26? 


Guiji 26 is an import from the Philippines. It is a late maturing intermedi- 
ate rice type. Plants are 80 to 90 centimeters tall and compact in shape 
with rather narrow, straight leaves. Tillering strength is strong; and it 
is resistamt to bacterial blight. Sowing in the latter part of March or 
early April wi.. produce spikes in late July. About 120 days are required 
between sowing and the onset of spikes. Sowing in early June wiil produce 
spikes in early September, with about 90 days between sowing and spiking. 
Leaves on che main stem number 17 or 18. Per thousand weight of grains is 
between 23 and 24 grams. Will combine with a male sterile line. Planted as 
late rice crop, it will ripen early, is resistant to diseases, and pro- 
wes high yields. 


78. What Are the Main Characteristic Peculiarities of Kezhen [4430 3791] 145? 


Kezhen 145 is an early indica intermediate maturing type restorer line that 
was selected and bred after test crossing and selection by the Pingxiang 
Municipal Institute of Agricultural Science. Its full growth period totals 
about 123 days and its period till maturation is about the same as for Guang- 
luai No 4. Plants are about 85 centimeters tall; tillering strength ir moder- 
ate; and leaves are wide. Spikes are large and each spike contains about 120 
grains of which 1,000 weigh about 24 grams. It is fertilizer tolerant, has 
good blooming habi-s, a high fruiting rate, functions well in delayed ripen- 
ing, and husks hav: either an apical awn or ~ short awn. It is strongly re- 
sistant and shows s.rong heterosis when mated with Zhenshan 97A. It is the 
early indica intermediate ripening combination currently being expanded over 
a wide area. 


79. What Are the Main Characteristic Peculiarities of Gu [0657] 154. 
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Gu 154 is an early indica late ripening type with a total growing period 
of about 135 days. Plants are about 80 centimeters high; leaves are 
Straight; tillering strength is strong; main stems contain between 14 and 
16 leaves; spiking rate is high; grains are plump and flowering habits are 
good. It produces large quantities of pollen; is fertilizer tolerant and 
lodging resistant; is strongly disease resistant; and is resistant to com- 
mon stunting and yellow dwarfing. Grains of unhusked rice are, however, 
rather small with a thousand grains weighing about 24 grams. 


80. What Are the Main Characteristic Peculiarities of Taiyin [1132 1714] No 1? 


Taiyin No 1 is an import from Thailand that was tested out in Guangxi. It 
belongs to the Late ripening intermediate type of rice. Plants reach 90 to 
100 centimeters in height with moderate bushiness. Main stems contain 17 

to 18 leaves, each leaf being narrow and straight. Resistance is good. Grain 
is long and thin, golden yellow in color, and with a markedly rough husk. 

it has strong tillering ability with each plant having about eight effective 
spikes. Spikes are fairly large with each spike containing about 126 grains 
of which 1,000 weigh about 27 grams. Quality of polished rice is good. It 
is translucent and not chalky. Planted in Pingxiang on 10 April, it is trans- 
planted on 4 May, and ripens on 7 September. In experiments conducted in 
Quangsi, it was sown on 8 June, transplanted on 8 July, began to spike on 

4 September for a total of 93 days between sowing and the onset of spiking. 
it's flowering habits are good, and it produces abundant pollen. It is the 
restorer line variety now in existence that possesses the strongest restora- 
tive strength. Its drawback is too long a growth period. 


Sl. What Are the Main Characteristic Peculiarities of Indonesian Aihe 
[4253 4421]? 


Indonesian Aihe is an early ripening late indica variety introduced from 
abroad. It is usually sown in mid or late June and begins to spike in late 
September. Its main stem contiins about 17 leaves. Plants shapes are rather 
bushy and 85 to 90 centimeters tall. Tillering strength is extremely strong, 
stems slender, and internodes exposed outward. Each spike contains an aver- 
age of about 30 grains with a thousand grains weighing 25 grams. Spikes grow 
evenly, most flowering occurs at tie same time, and effective spikes are numer- 
OUS-. 


32. How Should the Area of the Seed Propagation Field Be Determined? 


The area of the seed propagation field should be determined on the basis of 
the seed requirements for the area to be planted in hybrid rice and on the 
basis of the per unit yields of the seed propagation field. Seed requirements 
for open fields may be figured, as a general rule, as between 1.5 and 2 jin 
per mu; the yield of seed propagation fields is calculated at 60 jin per mu. 
Thus, 1 mu of seed propagation field can satisfy the seed requirements of 

30 mu of open fields, which is to say that the ratio between propagation 
fields and open fields is 1:30. If, for example, a brigade plans to plant 


1,000 mu of hybrid rice, only 33 mu of seed propagation fieids will be re- 
quired. 
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87. How Can the Job of Rejuvenating Purity in the Restorer Line Best Be 
Done? 


The restorer lines currently used in production are, for the most part, 
varieties of hybrids that have been bred in China or introduced from else- 
where, that are susceptible to variation. The restorative power of such 
variant plants shows lack of uniformity with some even belonging to the 
sterile-free class. Therefore, it is necessary to purify the restorer lines 
constantly in order to assure that heterosis can attain full play. Purifi- 
cation of restorer lines is usually done following the "one selection and 
three plots” method, beginning with the selection during the first season 

of individual superior plants. Plants selected are those with vigorous 
growth, good plant shapes, strong tillering, strong resistance, dark green 
and thick leaves, even spiking, uniform growth, high amounts of pollen, and 
high rates of fruiting and high weights per thousand grains. These are 

test crossed with sterile lines, with individual plants with a very high de- 
gree of restoration being further selected and separately stored. 


in the second season, a plot layed out in plant rows is set up. Each indi- 
vidual plant of the selected restorer line is planted in 4 small plot 

(plant line) and a sterile line hybrid of high purity is matched with it in 

a small plot. Within the plant plot, seed propagation is strictly segregated 
and turther observations and recordings are made about the growth period of 
the restorer line, about tillering, the coincidence of blossoming times, 

the combining ability, and high yield properties. All variant plants, those 
that have blooming times that do not coincide well, and those with weak com- 
bining ability are discarded after which the hybrid seeds and the restorer 
line seeds are separately harvested and stored. 


In the third season, aa appraisal plot is set up with the seeds that have 
been harvested from the plot being layed out in plant rows being planted in 
the appraisal plot. In each small zone 100 plants are planted and appraisal 
of heterosis conducted. Observations are made as to uniformity, degree of 
restoration, high yield churacteristics, and resistance to disease. At the 
same time that the appraisal plot is set up, a plant strain plot for the re- 
storer line should be set up, i.e. each of the superior restorer lines se- 
lected from the plant row plot continue to be individually propagated, and 
analyzed and compared with those that make the best showing and those com- 
binations of restorer lines that show strongest heterosis being selected 

to become a pure breed of the restorer line. 


88. What Is Meant by the Differential Period of Planting? 


The male parent restorer line currently in use in production in our province 
for hybrid seed propagation is of the late maturing intermediate rice variety. 
But female parent sterile lines are of the intermediate ripening early rice 
varieties with an indeterminate growing period so as to be able to cause 
simultaneous spiking of the male and female parents so that times of flower- 
ing will overlap. The male parent requires early sowing and the female parent 
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requires later sowing to cause this overlap. The number of days in the inter- 
vening period between the sowing of the male parent and the sowing of the 
female parent is called the differential period cf planting (or slippage 
period). 


89. What Is Leaf Age? How To Use Lea*® Age To Determine the Aiternating 
Dates of Planting Paternal and Materna_. Plants? 


Different varieties of rice have a definite number of leaves on their main 
stem, usually 11 to 15 in the case of early rice varieties and 15 to 18 in 
the case of late rice. But in different seasons of the year, or in differ- 
ent stages of growth, the amount of time required (number of days) varies 
for the maturation of the leaves. The number of days required for each leaf 
to grow on the main stem is called the leaf age. For example, the number of 
days required for the first leaf to grow is 1 leaf age; the number of days 
required for the second leaf is 2 leaf ages, etc. etc. Leaf age is an im- 
portant indicator of the differential period of planting of male and female 
hvbrids for the propagation of hybrid seeds since each variety has its own 
rather stable number of leaves when conditions are identical. When speed 

of leafing as a result of the time when seeds were planted, warmth of the 
weather, and fertilizer management differ, specific changes occur. However, 
male and female parents have their seeds planted at different times. Conse- 
quently, there is a period of time (the differential period of planting) 
when growth of the male and female parents occurs under different conditions 
and thus there will be definite differences in the number of leaves. These 
difterences in numbers can be mastered only gradually by experimental ob- 
servation. Once the varieties with numerous leaves have been sown and have 
grown to a specific leaf age, the varieties with fewer leaves are sown and 
the differences in their leaf ages is known as the leaf age slippage period. 
it has been possible as a result of practical observation of leaf ages over 
a period of several years to figure out the leaf age slippage period for sum- 
mer propagation of seeds. Details are shown in the chart below: 














_Combination Differential Leaf Age _—T Expsanation _ 

Zhenshan 97A x IR 24 6.5 - 6.7 Leaf age of male parent 
when female parent sown 

Erjiuai No 4A x IR 24 6.8 - 7.2 " 

71-72A x IR-24 9.8 - 10 . 

wei 20A x IR 24 7.5 - 8 - 

Zhenshan 97A x Gu 154 4.5 - 5.2 " 

Erjiuai No 4A x Gu 154 5 - 5.7 


90. What Are Active Accumulated Temperature, Effective Accumulated Tempera- 
ture, and Accumulated Temperature Index? How To Use the Effective Accumulated 
Temperature To Determine the Alternating Dates of Planting Paternal and 
Maternal Plants? 
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The sum total of the daily average air temperature required throughout the 
growing period from the sowing of seeds until maturity is called accumulated 
temperature. The sum total of daily average temperatures throughout the 
growing period when the daily average air temperature exceeds the lowest 
biological temperature (10 degrees Centigrade in the case of paddy rice) is 
called the active accumulated temperature. Usually the so-called accumulated 
temperature means the active accumulated temperature. The difference between 
the active accumulated temperature and the prescribed minimum biological tem- 
pearture is called the effective temperature. If the daily average tempera- 
ture is 16°C when the prescribed minimum temperature for sprouting of indica 
rice seeds is 10°C, the difference is 6°C, and this 6°C is the effective 
temperature. The accumulated effective temperature over a period of days 

is called the effective accumulated temperature. The percentage of total 
accumulated temperature for the entire growth period that is required for 
various different growth periods is called the growth period accumulated 
temperature index. 


For example, Zhenshan 97A is sown on 31 March and has an accumulated ten- 

perature for its entire growth period of 2690°C. The accumulated tempera- 
ture from sowing until the completion of spike growth is 1800°C; thus the 

accumulated temperature index from sowing to spike completion is 66.9 per- 
cent. 


Use of the effective accumulated temperature is an effective way to figure 
the differential planting times for male and female parents in the seed 
propagation fields, for bringing about an overlap in the flowering periods 
of the parents, and for figuring the planting times based or. the differences 
in accumulated temperature for male and female parents from sowing of seeds 
until completion of spike formation. Once the male parent seeds have been 
sown, when the effective accumulated difference in temperature has been 
reached, the female parent may be planted. In the case of spring or autumn 
propagation of Shanyou No 2, once the accumulated temperature for the male 
parent has reached between 740 anc 800 degrees centigrade, the sterile line 
may be planted. See charts 1 and 2 for the planting of female parents in 
terms of accumulated temperatures for male parents for several major com 
binations of late rice seed propagation. 
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Chart 2 Accumulated Temperature Changes from Sowing of Seeds CGanzhou Prefec- 
To Onset of Spiking for Zhenshan 97 Sterile Line and tural Institute 
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91. How To Use Growth Periods To Determine the Alternating Dates of Planting 
Paternal and Maternal Plants? 


The length of the growth period is not the same for the three lines of paddy 
rice, but given the same place and the same season, the number of days in 

the same growth period from sowing of seeds to formation of spikes is rela- 
tively stable. The male parent requires several more days of growth period 
from sowing of seeds to formation of spikes under the same soil and season 
conditions. By subtracting the one from the other, the difference is the 
number of days that separate the planting of the female parent from the plant- 
ing of the male parent or how long after the male parent has been planted 

that the female parent should be plante! so that the male and female parent 
will flower at the same time and the flowering times will meet. Inasmuch as 
the female parent flowers 2 or 3 days later than the male parent, the actual 
time differential between the planting of the male and female parent is the 
period of time between sowing of seeds and completion of spike formation by 
the male parent minus the number of days between sowing of seeds and completion 
of spiking by the female parent, minus another flowering period of 2 days. 
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A chart illustrating the number of days differential for 2 sterile lines and 
restorer lines is shown  elow: 





Season Male Parent Differential in days 


= mai 6s Se oe 


Designation Time Sown | Zhenshan 97A | Erjiuai No 4A 




















Early rice Mid-March | About 50 days | About 55 days 
Intermediate Guoji 24 Late April About 40 days | About 45 days 
rice 


Mid=May About 30 days | About 32 days 

















Late rice Early June | About 28 days | About 30 days 
Rarly rice Mid=-March | About 25 days | About 39 days 
intermediate rice Gu 194 Mid-May About 22 days | About 26 days 











Late rice Early June | About 17 days | About 22 days 














92. After the Alternating Dates of Planting Paternal and Maternal Plants 
Are Properly Arraaged at Seed Production Time, Why Is It That the Phenomenon 
of "Failing to Meet" at Flowering Time Still Occurs? 


There are many reasons why the flowering seasons fail to overlap even though 
calculations of the differential have been accurately made. Principal are: 
1) Exceptional changes in the climate. If, for instance, low temperatures 
ensue following transplation of the male parent, growth will be retarded. 

2) The quality of male and female parent seedlings differs. Where seedling 
quality is good, growth and development is normal following transplanting; 
where quality is poor, growth and development is retarded. 3) Improper care 
with fertilizer and water. If the male parent is transplanted first and 
fertilizer and water suffices, it will take hold early and grow rapidly. 

If later on when the female parent is transplanted the mud in the fields has 
hardened, if no change is made in the care, the male parent will be strong 
and the female weak with imbalances in growth and development. 4) Luproper 
selection of seed propagation fields. If fields are filled with cold mud, 
"sitting autumn" will occur making for slow development. 5) Diseases and 
insects may cause damage. 


All five of these causes bear on the development period; therefore, even if 
the differential period is properly figured out, the flowering times may be 
partly or very greatly out of phase. 


93. In the Process of Seed Production, Are the Alternating Dates of Planting 
New and Old Species of Hybrid the Same? 
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inasmuch as the Length of time that new seeds and old seeds have been stored 
in vastly different, changes in the amounts of nutrition they contain are also 
vastly different; consequently, there will be rather great changes in the 
growth period between new and old seeds, Experiments have demonstrated that 
if sterile line Zhenshan 97A sterile line grown last fall (old seeds) and 
Zhenshan 97A sterile line seeds from the spring of this year that have been 
brought back from Hainan Island (new seeds) are separately crossed with Guoji 
24 to propagate seeds, the old seeds will form spikes between 3 and 6 days 
earlier than the new seeds, which is to say that the growth period for the 
old seeds is a little shorter than for the new seeds. The difference in 
growing period for Guoji 24 new seeds and old seeds is not great being only 


’ 


. or 5 days. 


Theretore, in the process of propagating seeds, equitable adjustments in the 
ditterential period must be made with this characteristic in mind. If new 
seeds are used for the female parent, figuring on the basis of the originally 
alculated differential period, the female parent should be sown 3 or 5 days 
earlier in order to arrive at an overlapping in flowering periods. 


94, It, During the Period of Seedling Growth It Was Discovered that the 
Alternating Dates of Planting Paternal and Maternal Plants Were Wrong, How 
Can they Be Corrected? 


If during the period of seedling growth it is discovered that a mistake has 
been made in the alternating dates for planting paternal and maternal parents, 
there can only be two possibilities. One is that after the paternal parent 
has been sown in the propagation field, the maternal parent should be planted 
before the alternating date arrives. If Shanyou No 2 is being bred with the 
paternal parent being planted in the middle of May and the maternal parent to 
be sown 30 days later, if today is the twentieth day since the paternal parent 
was sown, the maternal parent should be sown now to shorten the differential 
period. When such a thing happens, greater care must be given the seedlings 
of the paternal parent with applications of proper amounts of fertilizer to 
make the seedlings strong and promote their early development. At the same 
time control of fertilizer and water should be instituted for the maternal 
parent to curb the growth and development of the female parent seedlings. 
Still another situation is one in which the female parent seeds have been sown 
too late. For example, a female parent's seeds have been delayed for 6 or 7 
days in sowing. When this happens, growth and development of the paternal 
parent must be controlled with Little or no fertilizer being applied to allow 
the seedlings to yellow. At the same time, pulling up the seedlings and hold- 
ing them overnight before transplanting can also delay the return of their 
green color and extend their growth period by 2 or 3 days. Intensified care 
of the maternal parent will entail use of shallow water to keep the seedlings 
moist and irrigated with added applications of fertilizer to nurture strong 
seedlings. The age of the seedling may also be shortened by their early 
transplantation to make the maternal parent grow early and develop rapidly. 

By such pulling and hauling, the flowering period of the male and female 
parents may be made to match. 
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95. If, During Seed Production Paternal and Maternal Plants "Failed to Meet" 
at Flowering Time, How Can Timely Adjustments Be Made? 


The meeting of flowering times means a matching of the time when both parents 
blossom. For example, if in the propagation of seeds of Shanyou No 2 the flower- 
ing times of the male and female parents are to be made to coincide, the fe- 
male parent will have to begin spike formation 2 or 3 days early. Should the 
female parent begin spiking 6 or 7 days early, or should the male parent begin 
spiking 2 or 3 days early, the flowering periods will not meet. In the case 

of Wei 20A and Zhenshan 97A, since the plants are compact and since tillering 
and spike formation are concentrated, the female parent must begin spike forma- 
tion 1 or 2 days ahead of the male parent. If it can be predicted or discov- 
ered that flowering periods will not meet, immediate steps must be taken to 
make timely adjustments. Adjustment methods are numerous. Commonly used ones 
include application of nitrogenous fertilizer, control of watering, deep inter- 
tillering, snipping of leaves and paring of buds, and using pollens from other 
male plants. 


But whether or not the flowering period for the male and female parents will 
coincide depends on the period when spike formation and flowering occurs in 
the male and female parents and whether the flowers open at the same time or 
mostly at the same time so that the stigma of the sterile line can receive 
the pollen of the restorer line to boost the seed propagation yields. In 
order to resolve the problem of coincidental flowering in the male and female 
parents, it is first necessary to understand the different requirements in 
temperature and moisture of the sterile line and the restorer line. Accord- 
ing to test observations in Guangxi Province, suitable temperature conditions 
for the sterile line and the restorer line are as follows: Daily average tem- 
peratures of 24°C and up with temperatures of between 28 and 32°C at the time 
of flowering with relative humidity between 65 and 85 percent. In the case 
of Zhenshan 97A, flowering was most profuse when temperatures around the 
spike were around 29 or 30 degrees centigrade. At temperatures around 28 to 
32°C, the number of flowers represented 74.8 percent of the total. When rela- 
tive humidity was within the 65 to 85 percent limits, numbers of flowers 
amounted to 98 percent of the total. In the case of Guoji 661 restorer line, 
when the temperatures of the spike were within the 29 to 32°C range, the num- 
per of flowers amounted to 88.4 percent of the total. When relative humidity 
stood within the 65 to 85 percent range, the number of flowers amounted to 
91.8 percent of the total. Later on, in light of local climatic conditions, 
when appropriate and safe spiking periods were set up, the spike formation 
and flowering of the male and female parents were able to take place at times 
other than those with high temperatures, with cloudiness and rain, or during 
periods of low temperature that are bad for the plants. In order to adjust 
the times of flowering, the following measures must be taken: 


a. Moisture and irrigation. Observation reveals that during the periods of 
spike formation and flowering, increasing the moisture of the propagation 

field by covering it with water can raise the relative humidity by 5 or 10 
percent while dropping the temperature somewhat so as to promote normal flower- 
ing of the sterile line. Conversely, under dry conditions, flowering of the 
sterile line will be extremely sporadic. 
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b. Shaking dew from the surface of leaves. Test observations of Erjiunan 
No 1 showed flowering occurred half an hour earlier in plants from which the 
dew had been shaken as compared with those from which it had not been shaken. 
Further, the earlier blooming plants showed an average increase from 20.5 
blooms per spike to 26 for an increase of 26.2 percent. The overlapping of 
blooming time with the restorer line was also lengthened by half an hour. 


c. Spraying water on the fields. Test observation results show that when 
Erjiunan No 1A was sprayed with water on the evening of the day before 
flowering, flowering occurred 1.5 hours earlier than for plants not sprayed 
and the duration of flowering was lengthened by 20 minutes. Flowers averaged 
10.2 per spike on fields that were sprayed as compared with 4.5 flowers per 
spike on unsprayed fiel © for an increase of more than 100 percent. Time 
overlap with the floweriug of the male parent was 2 hours in the case of 
fields that were sprayed as compared with only 50 minutes for unsprayed 
fields. Time overlap was increased by 1 hour and 10 minutes for sprayed 
fields as compared with unsprayed fields. 


d. Proper cutting of leaves. Observation shows that when leaf sheaths appeared 
on the main spikes of male and female parents of Nanyu No 3 seed propagation 
fields, partial cutting away of the leaf caused the sterile line to flower 
avout half an hour early, thereby extending the time of overlap in the flower- 
ing of the male and female parents. 


98. What To Do If There Is a Very Long Interval Between the Flowering Periods 
of Paternal and Maternal Plants? 


When the fiowering times of the male and female parents are widely separated, 
say for 10 days or so, buds may be pulled to regulate the flowering time. 
Pulling buds means to pull off the premature spike buds to promote further 
tillering to produce spikes. Generally speaking, by removing buds of spikes 
twice, the flowering period can be regulated by 8 to 10 days or more. The 
number of times buds may be removed will be determined by the growth of the 
male and female parent. When shoots on the male and female parents are few, 
buds may be removed once; otherwise, buds may be removed repeatedly right up 
untii overlapping of flowering times. But the condition of seedlings must 

be observed before removal of buds and applications of quick acting nitro- 
geneous fertilizer made in proper amounts. Care must be exercised in the 
removal of buds to as not to damage the buds of tillering spikes. But such 
methods are rarely used. Since the differences in flowering periods are 
generally within reasonable limits, actual flowering time differences would 
not likely exceed 8 days. But in special circumstances, such as when the 
differences in period of flowering is about 25 days, what is to be done? Cut- 
ting back the shoot leaving only a small stump for further growth can be 
done, but it must be done at an early time and care must be taken to assure 
spike formation later. 
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99. What Is the Role of a Borrowed Male Parent in Pollination? What 
Problems Should be Watched For? 


Experience shows that borrowing a male parent for pollination is remarkably 
effective in obtaining high yields from seed propagation. 


The so-called borrowing of a male parent to pollinate consists of marking 

off some plots in the area of separation all around the seed propagation field 
and within the seed propagation field for the planting of identical male 
parent varieties. The sowing time and the transplanting time of some of 

these male parents will be around 7 days earlier than that of the male parents 
in the seed propagation plot; and some will be about 7 days later than that 

of the male parents in the seed propagation plot. If the blooming period in 
the propagation field either does not coincide at all or does not coincide 
well, those reserve male parents that match the blooming period of the 

sterile line can be selected and moved with a root ball into the propagation 
field with a plant placed at a distance of every 1 or 2 chi among the rows 

ot the sterile line. On the day following the move, pollinatioa can occur. 
The results of experiments in Guangxi show that with the transplanting of the 
male parent, crossing and fruiting amounts to 42.8 percent with average per 

mu yields of 179.5 jin. The increased yields are rather remarkable. 


Several points that must be watched in the borrowing of male parents for 
pollination and the transplantation of the male parent are as follows: 


1) Select from among the plants in the reserve male parent plots plants that 
have already put forth two or three spikes for transplantation to rows among 
the sterile lines that have already spiked. 


2) Dig a hole every 1 or 2 chi among the rows of plants of the sterile line 
that have alreauy spiked; transplant male parent plants with a root ball of 
dirt into the holes. A shallow layer of water must lay across the field. 


3) Transplantation is best done in the afternoon with pollination to take 
place on the following day. 


4) Buds on the spikes of the plants must not be damaged in the course of 
transplantation. 


100. What Purpose Is Served by Clipping Leaves? What Problems Should be 
Watched For? 


Clipping of leaves can aot only reduce obstacles to the spread of pollen in 
the fields but it can expand the area over which the pollen is scattered to 
increase the opportunities for the pollination of the female parents. It can 
also improve air circulatioa and light penetration in the propagation field, 
increase illumination, lower temperatures, and raise air temperature. It 

is an effective measure for increasing yields in seed propagation, generally 
increasing them by 10 percent and upward. If, during the period of spike 
formation a difference in blooming time of 5 or 6 days is discovered (should 











the temale parent form spikes early), when the boot leaves are half formed, 
immediate deep cutting of leaves (cutting 1 centimeter below the lowermost 
leaf sheath) should be done. This, combined with fertilizer application, can 
delay spiking for between 3 and 5 days, which serves a definite prupose in 
the regulation of the blooming period. One drawback is that the cutting of 
leaves adversely affects photosynthesis and the manufacture by the plant of 
nutrients. At the same time, too early cutting of the leaves can lead to a 
regression of the flowering of the spikelet; if done too late, pollination 
will be atfected. This would also open the plant to infection by disease 
germs that cause bacterial blight. For these reasons, the following problems 
must be watched. 


1) Clipping of leaves should be done during the early period of spike for- 
mation. If leaf clipping is done too early, the leaves may continue to 
lengthen giving poor effectiveness; if done too late, the buds or spikes may 
be easily damaged with bad effects on fruiting. 


2) Half of the boot leaf of the male parent may be clipped; two-thirds of 
the boot leaf of the female parent may be clipped. Other leaves that have 
grown higher than the spikes may be cut back even with the spike. 


3) Leaf clipping should not be done on rainy days or in the morning before 
the dew has dried in order to avoid damage from disease infections. 


4) In fields where bacterial blight frequently occurs, when clipping of 
leaves is done disease control should be undertaken so that conditions wil! 
not be created for an upsurge in bacterial blight because of the man-made 
leaf wounds. 


101. What Is the Use of Applications of "920"? What Problems Are To Be 
Watched For? 


Application of "920" has the following several purposes: 
1) Application of "920" can advance spike formation by 2 or 3 days. 


-) It promotes spiking on tillers that are tardy; it increases the number 
of effective spikes. 


3) It reduces the extent of neck choking in the female parents, improves 
the pollination rate of spikelets at the base of the spike, concentrates 
the blossoming period, and causes uniform ripening. Results of comparative 
experiments show that plants sprayed with "920" showed increased yields of 
about 20 jin per mu over those not sprayed with "920." "920" is a plant 
stimulant that produces very big results from use of very small amounts. 

If it is used incorrectly, either results will not be apparent or there 
will be side effects. Consequently, the following several points must be 
given attention. First is the time of use. Generally it should be used 
when most of the main spikes on the female parent have begun to forn and 
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when spikes on tiller begin to appear. It is used chiefly on spikes on 

the tillers. Second is control of the concentrations used, with 0.3 grams 
used per mu. tirst use a small quantity of grain alcohol to mix the "920" 
and dissolve it completely. Then add 40 or 50 jin of water and mix for 
spraying. Third is increasing the quality of the spray. Don't spray at 
noon when flowers are in bloom or before the dew has dried. Generally over- 
cast days are better for spraying than clear days, and afternoons better 
than mornings. Spraying of fields with water in them is better than in 
fields without water, and spraying after leaf clipping and bud removal is 
»vetter than before leaf clipping and bud removal. 


107. Why Is Artificial Opening of the Floret Necessary? How To Open a 
Floret for Best Results? 


Spikes are unable to emerge completely from bud sheaths of the Zhenshan 97A 
rice variety currentiy in production. A choking of the neck takes place. 
One-third of the rice spikes cannot be pollinated because they are within 

the sheath at the time of flowering. In order to increase yields, it is 
necessary to carry out opening of the florets or bud sheaths by hand. In this 
method the spike of the sterile line that is encased within the sheath is 
peeled out of it to increase the number of spikelets pollinated and increase 
the fruiting rate. This is an effective measure for increasing reproduction 
and the quantity of seeds propagated that can realize increases of about 20 
percent. Results of experiments with Nanfan conducted in Fengxin County 

show that increased yields of 30 jin per mu resulted from artificial open- 

ing of buds for pollination over chose not artificially opened. At the time 
of flowering of the female parent, artificial opening of buds is generally 
done 2 or 3 times. Artificial opening of buds begins with those spikelets 
that have only half emerged from the sheaths on a particular day. The left 
hand holds fast the base of the boot leaf while the right hand takes hoid 

of the very tip of the boot leaf and lightly squeezes the spikelet from within 
the sheath exposing it entirely. 


108. Why is It Necessary To Perform Artificial Supplementary Pollination? 
How Can Artificial Supplementary Pollination Be Done Well? 


Reproduction and seed propagation in hybrid rice relies on the wind to scat- 
ter pollen. If the wind is either too strong or too weak, natural pollina- 
tion will be less than fully successful. When the wind is too weak, the 
results of artificially supplemented pollination are spectacular. Results 
of experimental observations show an increase of better than 16 percent in 
the fruiting rate by artificially supplemented pollination as ayainst natural 
pollination. Therefore it is necessary to perform artificially supplemented 
pollination to increase yields. Artificial pollination can bring about an 
even distribution of pollination from the male parent increasing the chances 
for pollination of the female parent. The method is to carry out artificial 
pollination either between 9 and 12 o'clock in the morning on clear days or 
between 11 am and 1 pmonoversast days. A long bamboo stick is used to de- 
press the upper half of the male parent to incline it toward the female 
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parent and then lightly to shake it, permitting a concentrated distribu- 
tion of the poilen upon the stigma of the pistil of the female parent. 
Alternatively a method using a rope while walking back and forth may be 
used. But if pulling a rope while walking is done too fast, pollen will 
fly all over the place because of the spring of the rice stalks. Dispersal 
of pollen produces poor results. Artificially supplemented pollination 
should be carried out when the female parent is in flower. It should be 
done 3 or 4 times each day at 20 minute intervals. When winds are high, 
artificially assisted pollination should not be carried out. 


109. What Is the Two-Line Method? 


The two-line method was put forward by the Wuhu Prefectural Institute of 
Agriculture Science in Anhui Province. They discovered that naturally 
sterile materials possess about a 5 percent inbred fruiting rate. Seeds 
born of this inbred fruiting continue to possess a high degree of sterility 
in the succeeding generation. The fruiting rate always stabilizes at a 
certain level, maintaining itself and thereby performing the double func- 
tion of the sterile line and the sterile-free line. Moreover, it can be 
crossed with other restorer lines with a dominant characteristic (such as 
rurplish leaves) to produce hybrids. Therefore, no sterile-free line is re- 
juired but only the sterile line and the restorer line. Hence it is called 
the two-line method. 


When the two-line method is used in production with use of a sterile Line 
and a restorer line hybrid to propagate seeds, an inbred variety (i.e. a 
sterile line) as well as a hybrid variety (hybrid of the first generation) 
is produced at the same time in the female parent of the sterile line. 
Therefore, in the two-line method the restorer line must possess a hereditary 
purplish color in the cell nucleus to enable differentiation of the inbred 
seedlings from the hybrid seedlings. The method is to use varieties with 
relatively stable traits, such as lack of color in the leaf blade, as the 
hybrid female parent and to use another variety with relatively dominant 
traits, such as purple leaf blade, as male parent of the hybrid. With 
seeds taken from the sterile female parent, spouting time shows recessive 
traits of the female parent, the explanation being that the succeeding gen- 
eration of inbred crosses can continue to act as sterile lines in seed 
propagation. Sprouting time that shows dominant characteristics of the 
male parent demonstrates hybrid sturdiness in a later generation and use- 
fulness tor production in the fields. 
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Production use in 
fields 


The Ziyou No 1 from Fujian Province was formed from the selective mating of 
Zhenlong inbred sterile line with purple rice, “Jingzidao,” the restorer line. 
Ziyou No 1 is an early rice with a growth period of between 120 and 130 days 
that usually yields between 700 and 800 jin per mu and has shown a maximum 
yielu of 977 jin per mu. Yields are 20 to 3 percent higher than for conven- 
tional varieties. It also possesses the characteristics of resistance to cold 
and a high fruiting rate, but inasmuch as heterosis was not strong enough in 
the “two-line method,” it is currently little used in production. 


il0. What Is the Difference Between Chemosterilization and Three-Line in 
Seed Breeding? 


Propagation of seeds by chemosterilization is the use of various chemicals 
such as rice-foot green (zinc methylarsonic acid) (CH3AS057n‘H,0) to spray 
the rice plants during their booting stage to bring about the destruction 

of the staminate cells to produce “male sterility” while the vitality of the 
pistil remains virtually normal. Breeding of hybrids by this method is 
termed the stamen chemical sterilization method. Propagation of seeds by 
chemical stamenicide requires only the select‘’-« breeding of hybrid combina- 
tions such as Zhenzhuai x IR 661, the‘- iaterplanting according to a specific 
pattern, and the use of the chemical solution during the booting stage to 
kill the staminate flowers on the Zhenzhuai (female parent) so that it can- 
not self-pollinate, thus forcing it to accept the pollen from the male parent 
to produce hybrid seeds. Propagation of seeds through chemical steriliza- 
tion not only requires no sterile line, sterile-free line or restorer line, 
but it is also a rather convenient way to breed hybrid seeds. 
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lll. What Are the Merits and Demerits of Chemosterilization in Seed 


Breeding? 


Seed propagation by chemosterilization is yet another method used for 
superior rice hybrids, and it is also a new development in the application 

of chemicals to agricultural crops. Chemosterilization for the propagation 
of seeds had already achieved remarkable results and is gradually being ap- 
plied to field production. At the present time, both the road of seed propa- 
gation through three lines and the road of seed propagation through chemo- 
sterilization may be followed in the application of rice heterosis. Chemo- 
sterilization is superior in several respects to the three-lines method. 


a. More latitude in the selection and breeding of parent pairs, an abundant 
source of supply, and local options for the selective breeding of varieties 
that mature early, that produce high yields and show strong resistance to 
diseases on the basis of local soil and climatic circumstances. 


b. Simple tools for seed propagation that are easy to operate. Steriliza- 
‘lon of the stamen requires only a single srrayer and two sheets of plastic 
1.5 x 2 x 0.7 meters in size. Use is ine same as spraying a field for in- 
sect pests with a single even spraying on the female parent plant sufficing. 
People can readily use and master it. 


c. Some “chemosterilized” combinations retain useful value in the second 
generation. Tests of early and late rice conducted in Guangdung Province 
in 1976 on several tcas of thousands of mu of second generation hybrids 
show that their increased yield effectiveness remained at about 20 percent. 
This has major significance for expansion of seed sources and speeding up 
widespread use. 


d. Stable yields may be used as a stepping stone to increased yields. Most 
chemically sterilized superior combination parent pairs are local superior 
varieties matched with popularized superior varieties, and inasmuch as 
sterilization of the stamen has not been complete, purity is not high and the 
female parent still has the original high yield capacity of the original 
superior variety, so quantity of yields from the hybrid are higher than from 
the parent pairs. Sterile plants will not crop up in the fields. If flower- 
ing period do not overlap in the propagation f’elds, chemicals need not be 
sprayed and harvest yieids will not be damaged. 


Drawbacks to chemical sterilization are: 


a. Should it rain within 6 hours after spraying, effectiveness in sterilizing 
the stamens will be impaired. If continuous rains occur during the intended 
spraying period, the best time for spraying may be missed with low yields of 
seeds resulting. Secondly though amounts of the chemical used are not 

large, there is a residual toxicity that limits its use over a long period 

of time. Thirdly, different varieties of rice react differently to the 
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effectiveness of the chemical solution. Before stamens are killed, small 
scale experiments must first be conducted and a proper understanding gained 
before sterilization of stamens over a wide area is undertaken. Fourthly, 
the chemicals must be evenly applied; otherwise the effectiveness in the 
sterilization of stamens will be affected. 


112. What Technical Essentials Should Be Grasped in Chemosterilization 
in Seed Breeding? 


Seed propagation through the use of chemical sterilization requires mastery 
of the following several points: 


a. Decide on the time when seeds «re to be sown and figure out the time 

when flowering will overlap. Numerous parent pairs for chemiczi steriliza- 
tion will have to be transplanted and the ratio of numbers of plantings for 
male and female parents may be 2:3 or 3:4. Usually the ratio for male parents 
is 3 plantings, but those with experience use 2. Deciding when to sow the 
seeds requires mastery of the special characteristics of varieties and their 
periods of growth. Accumulated temperature should be studied and leaf age 
taxen into consideration. In a cross of the autumn combinations IR24 and 
Xiandang in our province, flowering period should be set for late August or 
eatly September ideally. During this period the climate is stable, rain is 
light, and daily average temperatures range between 25 and 30°C which is ad- 
vantageous for pollination and fruiting. If male parents are pianted in two 
separate plantings with an interval of 10 days between plantings, the male 
parent of the first planting will be planted 5 days in advance of the planting 
of tne female parent. The second male parent planting will be 5 days in ad- 
vance of the female parent. If there are to be three plantings of male 
parents, the first should be 5 days in advance of the female parent; the 
second should be sown at che same time as the female parent; and the third 
should be sown 5 days after the female parent. 


b. Master the chemical spraying technique «ad sterilize the stamens at the 
right time. Usually two applications to sterilize the stamens satisfies the 
requirements for seed propagation (from beginning of flowering until the 
anthers that have not yet bloomed no longer split open). Concentration of 
chemicals should be within the range 0.015 to J.025 percent. The concentra- 
tion of chemicals for different rice varieties is different. The ideal con- 
centration for Zhaiyeqing is 0.015 percent, for Zhenzhuai 0.02 percent, and 
for IR24 and IR26 0.02 to 0.025 percent. First spraying should take place 

8 to 10 days before flowering (very close to the blades) with each plant re- 
ceiving 10 millilitres. Second application should be 9 or 10 days after the 
first application in a slightly reduced concentration. Apply the chemical 
on the basis of the actual density of female parent plants in the rows and 
apply it evenly. Two things should be given attention when spraying: first, 
keep the sprayer head about 1 chi away from the top of the stalk, and second- 
ly use a tine spray to apply adequate chemicals. If the head of the sprayer 
is too low, the spray will not be fine and it will not be evenly distributed 

















with possible chemical damage resulting. If the quantity of spray is in- 
adequate, stamens will not be fully sterilized. The indicator for whether 
the amount is sufficient is that the mist on the plant ieaves should look 
like a heavy morning dew but with no run off. 


c. Points to pay attention to: 


1) How well the seedlings are growing. Growth should be even with all leaf 
blades about equidistant at the time of chemical sterilization. 


2) Following spraying, the rice field should be flushed out to reduce chemi- 
cal injury. 


3) Observation of the effectiveness of stamen sterilization should be done 

3 days after spraying. Cut off two or three boot leaves sometime betweer 

the fourth day after spraying and the formation of spikes to make pollination 
easier, to improve the fruiting rate, and to enhance artificially assisted 
pollination. 


4) Chemical solution concentration and breeding method. The stamen steri- 
lizing solution No 1 currently in use over a wide area contains 5 percent 
zinc wethylarsonic acid. It must be diluted to about 0.02 percent for use. 
Dilution may be calculated according to the formula given below. 


Dosage of 5 percent solution of Stamen Sterilizing Solution 
No 1 = Desired spraying concentration x Desired liquid volume 
Concentration of Stamen Sterilizing 
Solution No 1 





For example: How much 5 percent solution of Stamen Sterilizing Solution No 

1 will be needed to spray a 0.07? percent solution on 1250 Zhenzhuai rice 
plants that require a liquid volume of 25 jin (each plant receiving 10 milli- 
litres of dilute solution)? 


Amount of 5 percent solution of Stamen Sterilizing Solution No 1 required = 


0.02 % x 25 sin =< 0.1 jin = 50 millilitres. 


in preparing the chemicals 50 millilitres of the 5 percent stamen sterilizing 
solution must be added to 24.9 jin of water, mixed to combine 
and then become 25 jin of 0.02 percent chemical solution. 


113. Why Is Hybrid Rice So Called? 
There are many varieties of hybrid rice and the male and female parents of 
each combination have tediously long names, so an overall name is needed 


for convenience. A nationwide hybrid rice scientific research coordination 
forum that convened in October 1975 discussed and proposed the following: 
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a. That the tirst character for every combination would be the simplified 
name for the sterile line maternal parent, as for example the sterile line 
Zhenshan 97, wnich is simply called "Shan;" Erjiuai No 4, which is simply 
called “Ai;" Erjiunan No 1 called "Nan;" Wei 20 called "Wei;" 71-72 called 
"7;" Wei 41 called "4;" Nanzao called "Zao;" 691 called "6;" Changfu called 
"“Chang;" Zhenlong 13 called "Zhen;" Jinnante 43 called "Jin;" and Guanglugen 
called "Gen." 


b. The second character of every combination would be superior to distinguish 
it from oridinary varieties 


c. The third character of every combination would give the number in Arabic 
numerals for the restorer line. Currently the principal restorer line num- 
bers in use throughout the country are as follows: Taiyin No 1 designated 
"1;" Guoji 24 designated "2;" Guoji 661 designated "3;" Gu 154 designated "4;" 
Guoji 6€5 designated "5'” and IR 26 designated "6." 


A cross between Zhenshan 97A and IR 24 is designated Shanyou No 2. 29 Ai No 
4 x Taiyin No 1 is known as Aiyou No l. Erjiunan No 1 x IR 26 is called 
Nanyou No 6 etc. 


ll4. What Are the Highly Superior Pairings Now Being Recommended and Used 
in Production? 


The so-called highly superior pairings are, comparatively speaking and in 
terms of current yield levels, varieties that have virtually the same grow- 
ing period as similar high yield types yet produce increased yields of 20 per- 
cent or more, for which reason we term them highly superior pairings. Highly 
superior pairings currently available for widespread use are as follows: 

early rices such as Zhenshan 97A x Kezhen 145, Zhemshan 97A x 6185, Zhenshan 
97A x 5053, Zhenshan 97A x (691 x Guanxuan No 3), Zhenshan 97A x Jineiya rice, 
and 691A x Gu 154; intermediate type rice such as Shanyou Nos 1, 2, 3, 4, 5, 
and 6; Aiyou Nos 1, 2, and 4; Nanyo": Nos 2 and 3; Siyou Nos 2, 3, and 4; 
Zhenshan 97A x Keyinnuo, Zhenshan 97A x Guoji 36, 691A x Guoji 24, 691A x 

Gu 154, and O91LA x Guoji 661; and late rice types such as Zhenshan 97A x 
Xitandang Baitian, Zhenshan 97A x Yinni Aihe, Zhenshan 97A x Qianai 18, 

Erjiuai A x Qianai 18, and Guoji 24 x Kiandang No 1 (Chemically sterilized). 

A glutinous rice cype is Liuainuo A x Keyinnuo. Growth characteristics of 
these pairings are roughly identical with those of the restorer lines, but 

the period of growth favors that of the male parent (the restorer line) 

over the female parent. 


Part V. Hybrid Rice Cultural Techniques. 
115. What Are Some of the Distinctive Features of Hybrid Rice? 


As compared with ordinary rice varieties, hybrid rices possesses the fol- 
lowing distinstive features: 
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with possible chemical damage resulting. If the quantity of spray is in- 
adequate, stamens will not be fully sterilized. The indicator for whether 
the amount is sufficient is that the mist on the plant leaves should look 
like a heavy morning dew but with no run off. 


c. Points to pay attention to: 


1) How well the seedlings are growing. Growth should be even with all leaf 

blades about equidistant at the time of chemical sterilization. 

2) Following spraying, the rice field should be flushed out to reduce chemi- 
il injury. 


3) Observation of the effectiveness of stamen sterilization should be done 

3 days after spraying. Cut off two or three boot leaves sometime between 

the fourth day after spraying and the formation of spikes to make pollination 
easier, to improve the fruiting rate, and to enhance artificially assisted 
pollination. 


4) Chemical solution concentration and breeding method. The stamen steri- 
lizing solution No 1 currently in use over a wide area contains 5 percent 
zinc methylarsonic acid. It must be diluted to about 0.02 percent for use. 
Dilution may be calculated according to the formula given below. 


Dosage of 5 percent solution of Stamen Sterilizing Solution 
No 1 = Desired spraying concentration x Desired liquid volume 
Concentration of Stamen Sterilizing 
Solution No l 








For example: How much 5 percent solution of Stamen Sterilizing Solution No 

1 will be needed to spray a 0.02 percent solution on 1250 Zhenzhuai rice 
plants that require a liquid volume of 25 jin (each plant receiving 10 milli- 
litres of dilute solution)? 


Amount of 5 percent solution of Stamen Sterilizing Solution No 1 required = 


Oe NX 2 din = 0.1 jin = 50 millilitres. 


in preparing the chemicals 50 millilitres of the 5 percent stamen sterilizing 
solution must be added to 24.9 jin of water, mixed to combine 
and then become 25 jin of 0.02 percent chemical solution. 


113. Why Is Hybrid Rice So Called? 
There are many varieties of hybrid rice and the male and female parents of 
each combination have tediously long names, so an overall name is needed 


for convenience. A nationwide hybrid rice scientific research coordination 
forum that convened in vuctober 1975 discussed and proposed the following: 
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a. That the tirst character for every combination would be the simplif ted 
name for the sterile line maternal parent, as for example the sterile line 
Zhenshan 97, which is simply called "Shan;" Erjiuai No 4, which le simply 
called "Ai;" Erjiunan No 1 called "Nan;" Wei 20 called "Wei;" 71-72 called 
"7;" Wei 41 called "4;" Nanzao called "Zao;" 691 called "6;" Changfu called 
"Chang;"" Zhenlong 13 called "Zhen;" Jinnante 43 called "Jin;" and Guanglugen 
called "Gen," 


b. The second character of every combination would be superior to distinguish 
it from oridinary varieties 


c. The third character of every combination would give the number in Arabic 
numerals for the restorer line. Currently the principal restorer Line num 
bers in use throughout the country are as follows: Taiyin No 1 designated 
"1;" Guoji 24 designated "2;" Guoji 661 designated "3;" Gu 154 designated "4;" 
Guoji 665 designated "5'" and IR 26 designated "6." 


A cross between Zhenshan 97A and IR 24 is designated Shanyou No 2. 29 Ai No 
4 x Taiyin No 1 is known as Aiyou No l. Erjiunan No 1 x IR 26 is called 
Nanyou No 6 etc. 


114. What Are the Highly Superior Pairings Now Being Recommended and Used 
in Production? 


The so-called highly superior pairings are, comparatively speaking and in 
terms of current yield levels, varieties that have virtually the same grow- 
ing period as similar high yield types yet produce increased yields of 20 per- 
cent or more, for which reason we term them highly superior pairings. Highly 
superior pairings currently available for widespread use are as follows: 
early rices such as Zhenshan 97A x Kezhen 145, Zhenshan 97A x 6185, Zhenshan 
97A x 5053, Zhenshan 97A x (691 x Guanxuan No 3), Zhenshan 97A x Jineiya rice, 
and 691A x Gu 154; intermediate type rice such as Shanyou Nos l, 2, 3, 4, 5, 
and 6; Aiyou Nos 1, 2, and 4; Nanyou Nos 2 and 3; Siyou Nos 2, 3, and 4; 
Zhenshan 97A x Keyinnuo, Zhenshan 97A x Guoji 36, 691A x Guoji 24, 691A x 

Gu 154, and 691A x Guoji 661; and late rice types such as Zhenshan 97A x 
Xiandang Baijian, Zhenshan 97A x Yinni Aihe, Zhenshan 97A x Oianai 18, 
Erjiuai A x Qianai 18, and Guoji 24 x Xiandang No 1 (Chemically sterilized). 

A glutinous rice type is Liuainuo A x Keyinnuo. Growth characteristics of 
these pairings are roughly identical with those of the restorer lines, but 

the period of growth favors that of the male parent (the restorer line) 

over the female parent. 


Part V. Hybrid Rice Cultural Techniques. 
115. What Are Some of the Distinctive Features of Hybrid Rice? 


As compared with ordinary rice varieties, hybrid rices possesses the fol- 
lowing distinctive features: 
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a, Ditterent requirements for different kinds of fertilizers. Because 

the root systems of hybrid rice are more diffuse and growth more vigorous, 
hybride require more fertilizer than ordinary varieties, and their require- 
mente for phosphorous and potash are higher. Usual requirements are in the 
ratio 2:2:3 for nitrogen, phosphorous, and potash. When these requirements 
cannot be satiafied, growth and reproduction falls off with stems and leaves 
being weak, plants being open to disease infestation and early decline, and 
a low truiting rate, 


b. Leaves of hybrids show strong photosynthesis. Tests show the leaves of 
single stalks of hybrids to have an area between 30 and 70 percent greater 
than that of ordinary varieties and a power for photosynthesis that is be- 
tween 15 and 20 percent greater than for ordinary varieties. At the same 
time the Life of each great leaf is between 1 and 3 days longer than for 
ordinary varieties. Hybrids retain between 2 and 2.5 leaves following ma- 
turity while ordinary varieties retain only between 1.5 and 2 leaves. In 
addition, leaves of hybrids are stronger and more pliable than those of 
ordinary varieties. 


During the period of spike formation and flowering, hybrids are excep- 
tionally sensitive to temperature. At present, the types widely grown in our 
province are intermediate and late rice hybrid pairs. In the case of Shanyou 
No 2 and Aliyou No 2, the principal places in which growth characteristics 
difter from those of ordinary varieties are as follows: They show the growth 
characteristics of intermediate rice types in that their reac- 
tion to Light and warmth shows no great sensitivity, but they are more sensi- 
tive to increases in temperature than they are to decreases in illumination. 
Our observations show that Shanyou No 2 requires about 3250 degrees of accu- 
mulated heat from the time it is sown in order to reach maturity. At the 
time of spike formation and flowering, its reaction to relatively low tem- 
peratures show fair sensitivity. If average daily temperatures are stabilized 
around 25°C, spikes form quickly and evenly with no choking at the necks. If 
average daily temperatures are stabilized around 22°C, spike formation is slow 
with choking at the necks occurring. If average daily temperatures are below 
20°C, serious consequences ensue for spiking and flowering. When average 
daily temperature exceeds 30°C, fruiting rate declines. Typical ordinary 
varieties of late rice are light-sensitive crops that can form spikes and 
not choke at the neck when average daily temperatures are above 20°C. Inas- 
much as hybrid rices exhibit distinctive development characteristics of inter- 
mediate rice, it places rather stringent demands on the time when it should 
be planted and the age of seedlings should not be overly long. If they are, 

a corresponding reduction in the growth period of the hybrid in the open fields 
will oceur. Jointing of the transplanted seedlings will occur prematurely 

and spike formation will occur prematurely causing decreased yields. If 

this characteristic is known and understood, a proper formulation of plant- 

ing tactics can be made to reap bumper harvests. 





d. The quality of rice from hybrids is better. Protein content of hybrid 
rice is 4 to 5 percent higher than that of ordinary varieties currently 
being widely cultivated. When cooked, the rice is soft, clear, and fragrant 
with high nutritional value. 


116. Does Hybrid Rice Have Any Shortcomings? 


Looked at from the standpoint of "1 divides into 2," every good variety has 
its shortcomings. If one were to say that a fine variety possessed no short- 
comings whatsoever and that it was entirely perfect, things could have no 
further development and there would be no more progress. One can predict 

that the future will bring varieties of hybrids that are better than existing 
ones. Speaking of the present, hybrid rices are in the initial period of 
great development. They must be vigorously expanded in use, actively expanded 
in use, and totally expanded in use. We realize that to know just how a var- 
iety is deficient serves the purpose of overcoming the defect in that variety; 
it serves the purpose of better realizing the potential of that variety; and 
it serves the purpose of expanding use of this variety in better ways and 

over a wider area to obtain higher yields. Then just what shortcomings are 
there in first generation hybrids? A view is making the rounds to the effect 
that, "Hybrid rice tillers a lot but produces too few spikes, that spikes are 
numerous but fruiting is inadequate, that it starts out vigorously but lacks 
stamina, and that it grows vigorously but lacks sufficient resistance to 
diseases."'' Our own view is that these criticisms are insufficiently precise. 
It must be pointed out first of all that these four shortcomings are not com- 
mon to all hybrid rice but only the characteristics of a portion of rice hy- 
brids or of individual ones. For example, the fruiting rate of Shanyou No 2 
and of Aiyou No 2 is still between 80 and 90 percent and it both starts out 
vigorously and has stamina with the superiority of after-ripening extremely 
obvious. 


Secondly, some shortcomings are the resuit of improper planting rather than 
any flaw in the seeds themselves. And when it comes to resistance to disease, 
if the rice is planted right and fertilized and watered properly to grow 
short, tough, straight, and pliable yet strong leaves, resistance to disease 
will be greatly increased. Some 140,000 mu of hybrid late rice was planted 
in Pingxiang City in 1977. Through management of fertilizer and water to 
augment the already rather strong resistance to disease of the seeds, no 
large outbreaks of disease occurred. Furthermore, some of the shortcomings 
of hybrid rice are shortcomings attributable to progress, which are to be 
expected. On the issue of inclination toward a low spiking rate in hybrids, 
this may be said to be a shortcoming common to all large spike varieties. 

The larger the spikes, the fewer of them. This is virtually a universal 
phenomenon and not a shortcoming of hybrid rice alone. Is this to say that 
hybrid rice has no shortcomings? Not at all. Objective shortcomings do 
indeed exist with hybrid rice, namely in that the spiking rate is really on 
the low side. A mu of land produces somewhere between 120,000 and 150,000 
spikes with production of 200,000 being almost impossible, and the fruiting 
rate of some hybrids is inclined to be lower than for some ordinary varieties. 
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Of course, seed propagation and breeding are very complicated procedures 
and they constitute a drawback to the widespread use of hybrids. These 
shortcomings await future research and conquest. 


123. Why Are Short Sturdy Plants and Many Tillers Desirable? 


This question requires division into two parts for answering. Let us talk 
first of why short sturdy seedlings are grown. We have discovered through 
experience that in the same seedling fields where sowing has been done at 
the same time but where care has been different, some seedlings grow tall 
and sturdy while some grow short and sturdy. In a comparison of these two 
kinds of seedlings, the tall sturdy seedlings show "4 slows and 2 lacks." 
They green slowly, grow slowly, tiller slowly, and spike slowly with a lack 
of mature spikes and a lack of grains in the glumes. Short sturdy seedlings 
are just the opposite. Once planted, they green quickly, grow quickly, 
tiller quickly, spike quickly and form numerous mature spikes with numerous 
grains in each glume. Why are the short and sturdy seedlings so good? Be- 
cause being so short and so sturdy, the bodies of the seedlings are strong, 
full of vitality, and permit good ventilation and penetration of light. In 
tillering seedlings, in particular, growth and development is good, and as 

a result the rate of mature spikes is high. Tall and strong seedlings are 
promoted by chemical fertilizer. The framework of these plants is not solid; 
leaves are long and stems are weak; vitality is rather weak, and growth of 
the main seedling and the tillers, in particular, does not proceed evenly. 
Following transplanting, some of the tillers are "squeezed to death," or 
"shaded to death" with the result that shortcomings of "4 slows and 2 lacks" 
appear. Therefore, stress is placed on the growing of short sturdy seedlings. 


Next let's talk about why the growing of seedlings with many tillers is de- 
sirable. Everybody knows thit hybrid seeds are rather hard to come by and 
that every effort must be made to restrict the amount used. This is one 
reason why hybrid rice requires scant seeding for sturdy seedlings. Still 
another reason is the strong tillering ability of hybrid rice. The more 
tillers, the less seeds needed. We must make best use of this advantage, 
utilize this heterosis, and fully bring into play this strong point of 
strong tillering to obtain high yields. It is for this reason that it is 
said tuat numerous tillers should be fostered on seedlings of hybrid rice. 
Just how many tillers should a multi-tillered seedling have? Our practical 
observations show that a seedling with five torks is best. That is to say 
that four tillers plus the main stem in the shape of the palm of the hand 
with five forks branching from it is ideal. The reason is that given the 
need for reductions in the amounts of seeds used, this assures a sufficient 
number of basic seedlings. We have done some figuring. If more than 1] jin 
of seeds is used per mu of fields, slightly more than 20,000 clumps will be 
planted, and if one seedling is transplanted from each clump and that seedling 
has five forks, there will be about 100,000 basic seedlings from which about 
150,000 mature spikes can be assured, or almost or in excess of 200,000 
spikes if yield is very high. Thus a rather high level of yield may be 
obtained. But wouldn't it be the same if fewer basic seedlings were to be 
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planted allowing them to tiller more in the fields? The answer is the same. 
This is because the spiking rate of tillered seedlings in the seedling field 
greatly exceeds the spiking rate of tillered seedlings in the open field. 
More than 90 percent of the seedlings tillered in seedling fields will form 
spikes. Only between 60 and 70 percent of tillered seedlings planted within 
15 days will form spikes. Eighty percent of tillered seedlings planted 

after 15 days will not form spikes. Therefore, since seed use must be econo- 
mized, planting of a sufficient number of basic seedlings is a key measure 
for increased spiking. Seedlings in excess of five forks with six or seven 
forks are hard to realize. The combination of short and sturdy with many 
tillers to produce short, sturdy, five-forked seedlings is a solid foundation 
for high yields from hybrid late rice. Naturally, short, sturdy five-forked 
seedlings must also have good green color, numerous white roots, and no disease 
or insect infestations before they can be reckoned a short, sturdy, five- 
forked seedling of high quality. 


125. Why Is It Necessary To Grow Hybrid Rice Seedlings in Two Stages in 
Some Localities? 


In some places where land is scarce and people numerous, a system of three 
harvests in the series rice-rice-wheat is in practice to obtain larger and 
larger yields. In order to realize high yields from three seasons, late 
rice hybrids have to be planted during the "great heat" of late July with 
planting being completed by late July. This is about 7 days later than for 
the planting of ordinary rice. If seedlings were grown according to conven- 
tional methods, this delay would have a large effect on yields, but by using 
a two stage method for growing seedlings the conflict between late planting 
and yield yields can be overcome. The Yantian Brigade in Pingxiang Shi is 

a rice-rice-wheat unit. This brigade planted a large area to late rice in 
1976 and 1977 using the two stage seedling propagation method. High yields 
were produced from plantings of hybrid late rice on 28 July. In 1977, 364 
mu of late hybrid rice yielded an average 1248 jin per mu with a maximum 
yield ot 1409 jin per mu. Average per mu yields of grain for the entire bri- 
gade for the entire year were 2555 jin. This fully demonstrates that if two 
Stage methods for rice seedling growth are used, high yields are still ob- 
tainable even with late planting of late hybrid rice. 


[wo stage growth of rice seedlings offers many advantages, which may be 
capsulized as follows: 


First, it is beneficial to high yields for early and late season crops. Two 
stage seedling growth for late rice not only benefits early rice by requiring 
use of high-yield medium-maturing varieties or appropriate delays in harvest 
time, an enhanced rate of sturdiness, and high yields from early rice, it 
also promotes growth of sturdy, five-fork seedlings. Particularly in middle 
and northern Jiangxi, where the frost-free period is short, once late hybrid 
rice has spread over wide areas, conflict of seasonal crops will be extremely 
pronounced. Practice of two stage seedling growth can ameliorate the con- 
flict between planting seasons and allow high vields from delayed plantings. 











Second, it helps with the staggering of farm work seasons. In early July 
harvesting and planting chores are generally slack, and this time may be 

used to make the first stage seedling transplants. Just before the “great 
heat,” harvesting and planting tasks are extremely hectic with rice seed- 
lings being planted as soon as possible, but rice seedlings for two stage 
growth can be delayed and planted later. For 3 or 4 days following the 
“great heat" harvesting tasks are slacker and this time may be used to plant 
the two stage seedlings. In this way the labor force may be regulated and a 
balance struck in farm work to alleviate the hectic nature of summer harvest- 
ing and summer planting and promoting an orderly progression of things. 


Third, it benefits the spread over a larger area of hybrid rice. If the 
transplanting of hybrid late rice just before the period of the “great heat” 
is delineated as the growing season that will produce the highest yields, and 
if the end of July is delineated at the transplanting seasons that produces 
low yields or middling yields, then the universal use of existing hybrid late 
rice varieties will be limited. By practicing two stage growth of seedlings, 
however, the period from early July to late July becomes suitable for the 
transplanting of hybrid late rice, and this resolves the conflict between late 
planting and reduced yields once hybrid rice becomes universally grown over 
large areas. 


Fourth is economy in use of seedling fields and an increased rate of land 
use. The single stage method of seedling propagation requires that 1 of 
every 10 mu be dedicated as a seedling field with a corresponding decrease 
in the area planted to early rice. Im the two stage method of seedling 
propagation, dedication of a single mu out of every 60 for seedling propa- 
gation is sufficient. This enhances the rate of land use for an increase in 
overall yields. 


126. How Should Two Stage Seedling Growth for Late Hybrid Rice Be Done? 


The sowing of seeds for late hybrid rice 1 or 2 days earlier than usual will 
permit the close sowing of about 60 jin of seeds per mu of seedling field. 
Transplanting should be done between 15 and 20 and not more than 22 days 
after the sowing of seeds. This is the first stage of two stage seedling 
growth. By this time, the especially early maturing early rice planted 
previously will have ripened. Once the early rice harvest has been taken 
from these fields, the fields should be readied immediately with applications 
of fertilizer tilled into the soil. After this, the rice seedlings of the 
hybrid rice can be closely planted into the fields. Each clump of rice seed- 
ling poked into the soil should number only one seedling. This is the second 
stage of the two stage seedling growth, and it is also called jiyang [1376 
4441] or temporary placement in a bed of seedlings after removal from the 
nursery bed. Following this temporary placement of the seedlings, ferti- 
lizer should be applied at once and water supplied in a scientific way. 

Once the intermediate maturing variety of rice has been harvested from the 
open fields and the fields again prepared, the second stage seedlings are 
taken up and transplanted clump by clump of one seedling per clump with 














additional seedlings per clump being allowed (in cases where weak individual 
plants are planted two plants to a clusp), but with no dividing of clumps. 
This is the only way to assure rapid return of the green color, and rapid 
plant growth. This two-stage seedling growth standard technique is called 
first stage short (seedling age held to 14 or 20 days and not in excess of 

22 days) and second stage long (seedling age can be as much as about 25 days) 
for green, short, and sturdy seedlings with many tillers. 


127. Why the Emphasis on Reasonably Close Planting of Hybrid Rice?” 


Un hybrid rice, spikes are large, grains numerous, and tillering strength 
especially strong, but the spiking rate tends to be low. If this conflict 

is badly handled, a polarization in two directions is easily possible. One 
pole is excessive emphasis on the strong tillering strength, large spikes 

and numerous grains of hybrid rice with persistent planning to depend on 
large spikes to increase production. The result is that plants tend to be 
sparse, and although spikes are quite large, their number is strictly in- 
adequate so yields cannot go up. One brigade used high levels of fertilizer 
to grow hybrid rice the first year in rows 10 x 8 cun distant from each other. 
Each spike produced an average of almost 200 grains, but spikes numbered only 
60,000 to 70,000 and per mu yields were abouc 700 jin. Another pole is ex- 
cessive emphasis on the tendency toward low spike formation in hybrid rice 

and then blindly trying to plant the rice ever closer together, raising the 
density to more than 30,000 clumps per mu with the result that the large spike 
heterosis of hybrid rice has no way of taking place. Furthermore, the great 
increase in amounts of seeds used also limits the area that can be planted, 

so per unit yields cannot go up and aggregate yields cannot go up either. 
Therefore, on the question of close planting of hybrid rice it is necessary 
to steer away from both poles and be steadfast in reasonably close planting. 


128. What Close Planting Is Considered Reasonable? 


Whether or not close planting is reasonable depends on four elements. First 
is whether the closeness of the number of clumps per mu is reasonable; second 
is whether the average number of seedlings per clump is reasonable; thirdly 

is whether the close planting pattern is reasonable in terms of the maintenance 
of a uniform density; and fourth is whether the direction in which the rows 

of seedlings run is reasonable. The problem of how close to plant rice has 
always been a rather complicated one. It involves area size and numerous 
influencing factors such as special traits, special characteristics, fertility 
of the soil, temperature of the air, labor force, the level of water manage- 
ment, all of which have a direct influence on close planting. If a definite 
conclusion is wanted as to what density is best for a particular variety, 

that is unrealistic. We ask only that density of planting be relatively 
reasonable. A particular density may be relatively reasonable for a particu- 
lar time and place, but at another time and in another place where conditions 
are different, it may not be sufficiently reasonable. Therefore, measures 
must be suited to local conditions, to varieties, to the time, to the amount 
of care given, and to the amount of fertilizer, with accurate determination 
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ot the number of clumps per mu and the number of seedlings per clump, the 
planting pattern, and the direction of planting. 


The late rice hybrid currently being given expanded planting is Shanyou No 
-. To take this variety as an example, in regions of high fertility or 
where the fields are highly fertile, 20,000 to 25,000 or 80,000 to 100,000 
basic seedlings are required. A close planting pattern of 4 x 7 cun 
(21,400 clumps), or 4 x 4 x 8 cun, or 3 x 8 cun may be used. The Yantian 
Brigade of the Xiangdongzhen Commune in Pingxiang City conducted a compara- 
tive experiment with planting rows. The per mu increased yields of rice 
were 34 jin greater in plantings of 4 x 7 cun as compared with plantings 

of 4 x 9 cun or 6 x 8 cun. The Shexi Commune in Shangyou County planted 
-3,050 clumps per au of Shanyou No 2 in 8 + 5 x 4 cun plantings. Effective 
spikes numbered 159,252, and per mu yields were 1,142 jin. In 8+5x 5 
cun plantings of 15,455 clumps per nu, effective spikes numbered 135,821 
with per mu yields of 962.5 jin, which was 180 jin less harvest than from 
the 23,000 clumps per mu plantings. In most places, planting of 25,000 and 
100,000 basic seedlings is best. A close planting pattern of 3 x 8 cum or 
« x 46 x & cun produces rather high yields. See the chart below. 
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Experimenting Unit: Quanjiu Brigade of Yangqiao Commune, Feni County 


Key: (1) Time transplanted (7) Fruiting rate (%) 
(2) Age of seedlings (Days) (8) Weight per 1000 grains (grams) 
(3) Density (cun) (9) Actual per mu yield (jin) 
(4) Number of spikes per clump (10) Comparative yields per mu 


(5) Number of spikes per mu (thousand)(11) jin 
(6) Number of grains per spike 


Appropriate close planting may also be done in regions or on fields of low 
fertility, but not in excess of 30,000 clumps. When seedlings have five 
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forks, planting of a single clump of such a seedling suffices. Seedlings 
that have no tiilers or only a few tillers should be planted two or three 
to a clump. No matter the density or the pattern of planting, planting of 
80,000 to 100,000 basic seedlings per mu must be assured. As for the direc- 
tion in which the seedlings should be planted, the principal is to plant in 
the direction of the cardinal points and not in the direction in which the 
field lays. In summer and autumn when winds are mostly from the south, the 
seedling rows should be layed out in a north-south direction. At the time 
of planting, attention must also be paid to the quality of the planting, 
making sure that the planting is shallow and the plants are straight. In 
places where certain conditions prevail, one must be adept at doing farm 
work as required. Unless the progress of planting is impeded, every effort 
should be made to plant seedlings in the afternoon so as to promote earlier 
greening, and earlier tillering. After planting is done, intensification 
of care of the fields must be done to realize bumper yields and bumper har- 
vests. 


140. Why Is It Necessary To Carefully Study and Perfect the Proper Ferti- 
lization of Hybrid Rice? 


“Fertilizer is a treasure that should be used wisely.” Some people used to 
have a lopsided understanding of hybrid rice, saying that hybrid rice had a 
rubber stomach and that the more fertilizer given it the better since no mat- 
ter how much was given, it could eat it all. This is a lopsided view. Ex- 
perience has shown that use of too much nitrogeneous chemical fertilizer too 
Late can bring about tall shoots, weak stems, floppy leaves, crazy growth of 
seedlings, serious damage from disease and insects, and reduced yields. After 
several years of experience we realize that hybrid rice likewise calls for 
rational use of fertilizer if high yields are to be gained. The Yantian 
Brigade is in a region of high ‘ertility where fertilizers are apslied in 
fairly large amounts to hybrid rice. But since the applications are rational, 
average per mu yields over large areas exceed 1,200 jin. Under circumstances 
where the soil is of medium fertility, rational applications of fertilizer 
can likewise bring about good increases in yields. 


141. How Much Fertilizer Is Required for a High Yield of Hybrid Rice? 


Experiments in numerous places demonstrate that in fields of high or moderate 
fertility, for yield per mu of upwards of 1,000 jin of rice for a single 
season, about 20 to 25 jin of pure nitrogen would be required as calculated 

on the amount of pure nitrogen contained in the fertilizer applied to the 
fields. For yields per season of 800 jin, about 20 or 25 jin of pure nitrogen 
would be required. But use of nitrogeneous fertilizer alone is not enough; 
there must be a proper mixture of the elements of nitrogen, phosphorous and 
potassium, and there must be a rational proportion between fertility in the 
soil and the amount applied as top dressing. 


Proper portions of the three principal elements, nitrogen, potassium and 
phosphorous. Barnyard manure contains relatively large amounts of potassium 
and phosphorous so addition of potassium and phosphorous chemical fertilizers 
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as one sees fit will basically satisfy the needs of hybrid rice for these 
two elements. The proportion of nitrogen, potassium, and phosphorous is 
generally 2:2:3. 


Reasonable proporticn of fertility in the soil and the amount applied as 
top dressing Fields with yields of between 800 and 1000 jin per m re- 
quire maste.y of the principle of sufficient applications of fertilizer 
worked into the soil with judicious applications as top dressing. The 
ration of in-soil fertilizer to top dressing should be 7:3, which is to say 
that the in-soil fertilizer should be 70 percent of the total applied with 
30 percent being top dressing. The most important sources of fertilizer 

for mixture with the soil are excrement from people, pigs, and water buf falc 
or oxen as well as mulch and small amounts of nitrogenous chemical ferti- 
lizer. 


145. Why Is It That in Some Places the Cultivation of Hybrid Rice Does 
Not Increase Production Markedly, or at Worst, Even Reduce Production? 


Every improved variety requires improved methods of planting to increase 
yields. Unless improved methods are used with improved varieties, improved 
yields will not appear or even reduced yields may occur. Reasons for re- 
duced yields are the following: 


a. Hybrid seeds are planted too early and too close, or transplanted too 
late with the age of seedlings being in excess of 50 days. Following trans- 
planting, jointing of the shoots quickly begins as well as the formation of 
spikes. As a result, spikes are short, grains few, and yields low. 


b. Following transplantation, improper watering causes outbreaks of serious 
red withering disease in which the roots of the seedlings turning black and 
growth is slowed or even stunting and “sitting autumn” takes place. When 
rescue efforts such as draining and sunning the fields brings no relief or 

is not done in time, spike formation is delayed and the number of spikes 
formed is drastically reduced. As a result of the small number of spikes and 
the small sizes of spikes, yields are reduced. 


c. Application of too much fertilizer in too great a strength. Excessive 
applications of nitrogenous fertilizer during the mid and late period is 
particularly likely to produce a wild growth of shoots with a considerable 
reduction in fruiting rate and the per 1000 weight of grains and thus re- 
duced yields. 


d. Inadequate prevention of disease and pests and improper fertilization 

and watering that creates shading and high humidity in the fields leading 

to severe outbreaks of sheath and culm blight, small round sclerotail disease, 
and bacterial blight, or infestations of pests such as rice leaf rollers, 

le fhoppers, or planthoppers causing reduced yields. 
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e. Sowing too late, transplanting too late, improper care, the “Cold Dew 
(mid-Octobe:) hind that gives rise to wintering-over”™ with average daily 
temperatures falling below 20°C during the period of spiking and flowering 
causing serious reduction in yields. 


146. Why Is It That the Percentage of Empty Crain Tends To Be High in Some 
Hybrid Rice? 


Because of hereditary, biological and cultivation factors, the percentage 
of empty heads tends to be higher at present in hybrids than in ordinary 
rice. This adversely affects further increases in hybrid rice yields. In 
order to reduce the number of empty heads of hybrid rice, ic is necessary 
first to figure out the reason the percentage of empty heads tends to be 
high. Examination and analysis shows numerous reasons why the percentage 
of empty heads tends to be high, among which the major ones are as follows: 


a. The effects of pairing. Under ordinary and identical cultivation con- 
ditions the fruiting rate for the late hybrid Shanyou No 2 is quite high 
with an empty head rate of only about 10 percent. The empty head rate 

for Aiyou No 2 is about 12 percent. For Nanyou No 2, the empty head rate 
is between 15 and 20 percent. 


». Effect of low temperature. If low temperatures occur at the time of 
spike formation and flowering of late hybrid rice, formation of spikes wiil 
not penetrate the neck and a great increase in the empty head rate will take 
place. If, during the time of spike formation and flowering, average daily 
temperatures are maintained at below 22°C, the percentage of empty heads will 
increase to 50 percent or more. 


c. Effects of High Temperatures. If it is arranged so that hybrid rice 
forms spikes and flowers in mid or late July, the percentage of empty heads 
will increase by 10 percent as a result of the excessive temperatures, as 
compared to what they would have been under normal temperature conditions. 
Findings show that the most suitable temperature for spike formation and 
flowering of hybrid rice is an average daily 25°C. 


d. Effects of Fertilizer Applications. Excessive applications of nitrogenous 
fertilizer during the mid and late season or excessive tardiness in making 
application will sharply increase the percentage of empty heads. 


e. Effects of Close Planting. If hybrid rice is too closely planted creat- 
ing a poor microclimate in the fields, the percentage of empty heads will 
increase. If planting is too sparse causing delays in tillering, the per- 
centage of empty heads will be increased. Experience shows that the number 
of empty heads is least where between 20,000 and 25,000 plants are planted 
per mu. Where density is upward of 30,000 plants, the percentage of empty 
heads increases by about 5 percent. When density is upward of 10,000 plants, 
the empty head rate also increases by about 2 percent. 











is). How To Reduce the Percentage of Empty Grain in Hybrid Rice? 


in view of the five reasons why the percentage rate of empty heads in hybrid 
rice tends to be high, the following five measures must be adopted if the 
percentage of empty heads is to be reduced and the fruiting rate increased. 


a. Select pairs that tend to have a high fruiting rate. A suitable selec- 
tion for early hybrid is Zhen Z x Kezhen 145. The fruiting rate of these 
two pairs is rather high. 


old back on the sowing of intermediate and late rice to avoid the 
effects of low temperatures. Arrange it so that average daily temperatures 
of upwards from 22°C prevail at the time of spike formation and flowering. 
from a province-wide standpoint, hybrid rice should generally be planted 
so that it begins spike formation in early September, completing it by sid- 
September. 


Accurately determine transplanting season to avoid the effects of high 
temoeratures. In a\l hybrid rice that tends to have a long growing period 
such as Shanyou ard Alyou planted as early rice, the onset of spiking will 
take place in mid-July. Since percentage of empty heads is likely to in- 
crease with high temperatures, arrangements should be made for planting of 
these varieties as intermediate or late rice. In pairs that have a short 
growing season such as Zhen A x Aizhen 145, arrangements should be made for 
planting as early rice. In this way, spike formation will begin in mid-June 
and be able to avoid high temperatures. 


d. Emphasize fertilizer application methods with eqvitable combinations of 
potassium and phosphorous fertiiizer while emphasizing organic fertilizer 
and fertilizer worked into the soil rather than top dressings. Be sure not 
to apply too much fertilizer in the early period, nor to apply supplements 
too late in the mid period, nor to apply too much in the late period. 


e. Use water scienitificaliy to prevent debilitation of the roots. Pay par- 
ticular attention to use of water in the late period. Following spike forma- 
tion, alternate dryness with wetness with primary emphasis on wetness. Making 
sure that there are strong roots during the late perlod to act as “roots 

that provide for old age” will correspondingly increase the fruiting rate. 


155. How To Prevent and Control Diseases and Insect Pests 


Hybrid rices are high yield varieties. Along with w’ read planting of 
hybrid rice has come a constant increase in the le. ' cilizer appli- 
cation and the pattern of growth of the rice seedlin. .° ‘come ever more 


verdant and luxuriant. This is a requirement for high y. id cultivation. 

But along with increases in the level of fertilizer and the degree of close 
planting has come corresponding increase in diseases and insect pests. Plant 
protection work against these must be intensified to resolutely annihilate 
or reduce the incidence of disease and insect pests and to vigorously reduce 
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ne rate ot dapage and loss to disease and insects below 1 percent so as 
go assure bumper harvests from hybrid rice. We must adhere to a policy 
“prevention first for comprehensive defense,” going all out for overall 

prevention and control in agriculture. Agricultural prevention and con- 
trol, pesticide prevention and control, biological prevention and control, 
and physical prevention and control must be organically integrated and ap- 
plied as requirec. Concrete measures include the five major campaigns to 
protect the seedlings, protect, the sprouts, protect tillering, protect the 
embryo, and protect the spikes. 


161. How to Bring the Late-Maturing Superiority of Hybrid Rice Into Play” 


Experimental observation shows that when the husks of hybrid Shanyou No 2 
turns yellow in ripeness, the rest of the rice plant remains green and shiny 
and the underground part has a definite number of “roots to support old 
age.” There is indeed a gratifying late-maturing superiority. Experience 
has shown that by delaying harvest for 4 or 5 days, each mu can produce an 
additional yield of between 20 and 30 jin. To make use of the late maturing 
period, ome cannot just sit and wait for the increased yield but gird onself 
for battle. If during the latter stages of ripening, a protracted period of 
high temperatures takes place, the fields should not be drained of water 

ither too early or too much. Instead, depending on the condition of the 
fields and the weather, the field should be sluiced with “running water" 

or twice. If the fields are drained too early or too much, "setting 

ot dry stalks” may take place with the per thousand weight of grains drop- 
ping by | to 2 grams. Moreover, in fields from which nutriments have been 
orematurely removed where leaves have yellowed quite a bit, consideration 
should be given to application of foliage fertilizer or strengthening ferti- 
lizer. in situations where the growth of safflower plants and a winter crop 
‘' rapeseed plants or the sowing of wheat are not adversely affected, a de- 
lay of 4 or 5 days in the rice harvest will pay benefits in the late-matur- 
ing superiority of the superior hybrid rice. 


l62. What Distinctive Features Does the Early Maturing Zhenshan 97A x 
Kerhen 145 Hybrid Rice Have? What Are the Main Points That Should Be Grasped 
in Its Cultivation? 


tnenshan 97A x Kezhen 145 is a new pairing of high yield, intermediate 
maturing, early rice developed by the Pingxiang Municipal Institute of 
\gricultural Science. 1977 marked the beginning of its cultivation in 

pen fields on 7.29 mu of land with average per mu yields of 1241.5 jin. 

its distinctive characteristics are a stalk height of 98 v-entimeters, large 
spikes and numerous grains with the average number of grains per spike total- 
ling about 140. Fruiting rate is approximately 80 percent. The unhusked 
grains are quite large, a thousand of them weighing 27.5 grams. It exhibits 
strong vegetative growth in its latter stages, retains its grains well with- 
out dropping and shows especially strong late maturing action. It matures 
slightly later than Guanglu No 4. Planted on 11 March 1977, it was ready 
for transplanting on 20 March, and on 27 June spikes began to form. Spike 
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formation was complete on 3 July and full maturity occurred on 22 July. 
It is an early rice hybrid with excellent -rospects for future widespread 
cultivation. Preliminary trials suggest that the following points should 
be mastered in the cultivation method for Zhenshan 97A x Kezhen 145. 


First, sow seeds sparingly and evenly to raise strong seedlings with a 
hort age quickly. About 40 jin of seeds should be sown ip each mu of 
eedling fields. Before sowing, the seedling field should be turned over 
with organic fertilizer being worked into the subsoil. After seeding has 
been done, the field should be watched with rooting fertilizer being ap- 
plied once shoots have appeared followed by “weaning fertilizer," strengthen- 
ing fertilizer, tillerirg fertilizer, and starting off fertilizer. Drain- 
ing and shallow irrigating should be done and prevention and control of 
diseases and insect pests undertaker. Every effort should be made in the 
shortest time to raise seedlings with three forks that are green in color 
with numerous white roots and that are free of disease or pests. 


Ss 
Ss 


Second is suitably close planting of the seedlings. Inasmuch as the spiking 

rate of that variety tends to be low, it is necessary to plant rather closely 
with 250,000 plants per mu being about right. Distances between rows may be 

4 x 6 cun or 3 x 8 cun or 4 x 4 +8 cun. In general, two seedlings should be 
planted together, but if a seedling contains two or three shoots, planting 

of a single seedling will suffice. Each mu will require 3 jin of seedlings. 


Third is to spur early growth and rapid development. Use all possible 
methods to stimulate the seedlings to turn green early and tiller quickly. 
Strive for upwards of 250,000 seedlings within about 20 days of transplant- 
ing. Strive for the formation of upwards of 18,000 to 20,000 spikes to 
establish a foundation for high yields. 


Fourth is practice of a whole series of cultivation methods to keep the 
plants from growing too tall and try to make the seedlings grow short and 
sturdy with little difference between the height of the main stem and the 
tirst and second tillers. Make every effort to improve the spike formation 
rate in order to increase the number of mature spikes. 


Fifth is strengthening of field care during the late period with fu’l use 
being made of the late-maturing superiority. Most important is to watch 
carefully the application of water and fertilizer. When the grain is in 
the milk period, the fields must be maintained in dry and wet states with 
the wet states being most important. Zhenshan 97A x Kezhen 145 does not take 
to withdrawal of fertilizer during the late period, but in porous fields 
where fertilizer has been insufficient during the early and intermediate 
period, fertilizer may be withdrawn. Supplementary applications of between 
4 and 5 jin of urea may be given both kinds of fields to improve the size 
of the rice grains. If planting of late rice will not be adversely af- 
fected, a l or 2 day delay in harvesting still increase the weight per 
thousand grains. 
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Once Zhenshan 97A x Kezhen 145 found widespread use over large areas, the 
effect of its late maturity on the general spread of late hybrid rice over 
a large area has gradually become a big problem, Consequently, measures 
must be taken as of now to pay attention to and study early rice with high 
yields that matures early, 


163. What Are the Technical Essentials That Should Be Grasped in the 
Cultivation of an Intermediate Crop of Hybrid Rice? 


The total growing period for the cultivation of an intermediate crop of 
hybrid rice is rather long. The vegetative growth period, in particular, 

may extend over a period of 10 days or more with benefits for increase in 

the number of spikes and the number of grains. In every place where condi- 
tions are favorable, intermediate rice (one season rice) should be widely 
used in its hybrid form. In order to get extremely high yields from inter- 
mediate rice, the most important points to be observed, technically speaking, 
are the tollowing four. 


1. Seeding at the proper time. Shanyou No 2 and Aiyou No 2, with long grow- 
ing periods, are well suited as intermediate rice. In mountain areas, seeds 
may be sown in early May with transplanting taking place in early June. Ma. 
turity will occur from mid to late September. In lowland areas, seeds may be 
sown in late May with transplanting taking place in late June and maturation 
occurring in late September or early October. In this way the adverse effects 
of high temperatures may be avoided during the period of spike formation and 
flowering with benefits for increase in the fruiting rate. 


2. Reform of seedling propagation. Thin sowing of seeds for sturdy seedlings. 
No more than 20 jin of seeds per mu should be sown in seedling fields and seed- 
ling age should not be allowed to exceed 30 days. A good job should also be 
done in application of fertilizer, in draining and irrigating, and in preven- 
tion and control of diseases and insect pests in the seedling fields. Every 
effort should be made to raise good green plants with numerous white roots 

that are sturdy and short with numerous tillers. 


3. Adhere to reasonably close planting. Per mu planting should be 20,000 
plantings; with about 80,000 basic sprouts. If seedlings have not tillered 
well, two seedlings may be planted together. Seedlings with many tillers 
may be planted singly. 


4. Scientific management. Intermediate rice fields are usually filled with 
sticky mud that is ankle deep. During the early period of growth the rice 
is susceptible to red withering. Once the seedlings have turned green, the 
fields should be exposed to air several times but kept moist and irrigated. 
During the mid-period of growth, the fields should be well exposed to sun- 
light. In dry periods, the fields must be guarded against drought. Since 
the growth period for intermediate rice is fairly long, applications of til- 
lering fertilizer must be made during the early period. in the mid-period, 
a balancing fertilizer should be used. During the late period, withdrawal 
of water with yellowing of the plants mst be guarded against. Work to 
prevent and control diseases and insect pests must also be done, and 

overall measures must be taken to prevent rice blast and bacterial blight. 


9432 END 
CSO: 8111/1969 
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